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Silicon Systems, Inc. 





Silicon Systems, Inc. specializes in the marketing, design, and manufacturing of mixed-signal 
(analog-digital), application-specific integrated circuits (ASICs). It offers a sophisticated line of 
custom and standard ICs aimed primarily at the microperipheral, communications and automotive 
marketplaces. 


The Company was founded in 1972 and is headquartered in Tustin, California, 30 miles south 
of Los Angeles. At first it offered only design services, but in the mid-70s began to subcontract the 
manufacturing of finished products. In 1981 the Company launched its own wafer manufacturing 
Capability, which was completed and put into production in 1982. A fully integrated assembly and 
test operation in Singapore was implemented in 1985. In 1988 Silicon Systems acquired its second 
wafer fabrication facility in Santa Cruz, California, and opened its fourth design center in San Jose, 
California. 


Silicon Systems is committed to leadership in the development of high-performance, mixed- 
signal ICs (MSICs) for custom, semi-custom or standard applications, in addition to providing pure 
analog or digital ICs. Of approximately 60 design starts in 1989, roughly half were custom, and the 
remaining were standard. Design centers are located in Tustin, San Jose and Grass Valley, 
California, as well as in Singapore. Reliability and quality are built into our products beginning at this 
design stage, and through an accelerated program of statistical process control we hope to maintain 
the highest levels of quality for our finished products in the industry. 


Silicon Systems possesses the capabilities to produce, market and deliver its ICs to a growing 


worldwide customer base. In support of these capabilities, and listed in the back of this publication, 
we offer a worldwide network of sales representatives and distributors ready to serve.you. 


©1989 Silicon Systems, Inc. 
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HDD READ/WRITE AMPLIFIERS 


SSI 32R104C 


SSI 32R104CLN 


SSI 32R115 
SSI32R117. 
SSI 32R117A 
SSI 32R188 
SSI 32R501 
SSI 32R510A 
SSI 32R511 
SSI 32R512 
SSI 32R514 
SSI 32R515 
SSI 32R516 
SSI 32R520 
SSI 32R521 
SSI 32R522 
SSI 32R524R 
SSI 32R525 
SSI 32R526R 
SSI 32R527 
SSI 32R528 
SSI 32R529 
SSI 32R1200 
SSI 32R4610 
SSI 32R5111 
SSI 32R5211 






SSI 32P540 
SSI 32P541 
SSI 32P541A 


SSI 32P541B 
SSI 32P542 
SSI 32P544 
SSI 32P546 
SSI 32P547 
SSI 32P548 


SSI 32P4620 


HDD PULSE DETECTION 


Ferrite 
Ferrite 
Ferrite 
Ferrite 
Ferrite 
Ferrite 
Ferrite 
Ferrite 
Ferrite 
Thin Film 
Ferrite 
Ferrite 
Ferrite/MIG 
Thin Film 
Thin Film 
Thin Film 
Thin Film 
Thin Film 
Thin Film 
Thin Film 
Thin Film 
Thin Film 
Ferrite 
Thin Film 
Ferrite/MIG 
Thin Film 


nm MP 
oon 


OAORARAAA 
02 Go 


ROSA 


rh 
= Cr, 
> 7 


Po 
ORO _, 
oOn 


- 


AN 
Oo 


> & O- 


Read Data Processor 
Read Data Processor 
Read Data Processor 


Read Data Processor 
Read Data Processor 
Pulse Detector 
Pulse Detector 
Pulse Detector 


Pulse Detector/Data Sync 


Combo Device 


go Bisel 
07OORD DH 


Pulse Detector/Data Separator 


Combo Device 


=“—O0 4 4 2B Ow ss P| PD —- 
CoOOWNNOMNHAHAN“@ONA 


Time Domain Filter 


15 to 45 
15 to 45 
30 to 50 
10 to 50 
10 to 50 
35 to 70 
10 to 50 
10 to 40 
10 to 40 
10 to 40 
10 to 40 
10 to 50 
10 to 45 
30 to 75 
20 to 70 
6 to 35 
20 to 60 
25 to 40 


17 to 50 


10 to 40 
10 to 40 
17 to 50 
15 to 45 
10 to 35 
10 to 40 
20 to 70 


+5V,+12V 
+6V,-5V 
+5V,+12V 
+5V,+12V 
+5V,4+12V 
+5V,+12V 
+5V +12V 
+5V, +12V 
+5, +12 
+5V 
+5V,+12V 
+5V,+12V 
+5V, +12V 
+5V, -5V 
+5, -5 
+5, +12 
+5, +12 


Differential, Bi-directional 
Differential, Bi-directional 
Differential, Bi-directional 
Differential/TTL 
Differential/TTL 
Differential, Bi-directional: 
Differential/TTL 
Differential/TTL 
Differential/TTL 
Differential/TTL 
Differential/TTL 
Differential/TTL 
Differential/TTL 
Differential/Differential 
Differential/TTL 
Differential/TTL 
Differential/Differential 

- Differential/Differential 
Differential/Differential 
Differential/Differential 
Differential/Differential 
Differential/Differential 
Differential/TTL 
Differential/TTL 
Differential/TTL 
Differential/TTL 








AGC, Amplitude & Time Pulse Qualification, RLL Compatible 


fault detection 


_ 32P541 pin compatible w/enhanced write to read recovery and voltage 


32P541 pin compatible - 541A with increased data rate to 24 Mbit/s 

544 type PD with data channel, clock channel for access 

32P541-type pulse detector with embedded servo electronics 
32P541-type pulse detector with pulse slimming compatibility 

32P544 - type PD with a filter multiplexer, pulse slimming support 
32P544 - type PD with 2, 7 Synchronizer, +5V only low power <700 mW 


Vi 


_ 32P541 - type PD + 537 type Data Separator with pulse slimming and constant 
density recording support 





Microperipheral Products 
Selector Guide 





HDD DATA RECOVERY 










































SSI 32D531 Data Synchronizer Data Synchronizer/Write Precompensation 


SSI 32D5321 Data Separator Data Synchronizer/2, 7 RLL ENDEC 

SSI 32D534A Data Separator Data Synchronizer/MFM ENDEC/Write Precompensation 

SS! 32D535 Data Separator Data Synchronizer/2, 7 RLL ENDEC/Write Precompensation 

SSI 32D5351 Data Separator Data Synchronizer/2, 7 RLL ENDEC/Write Precompensation 10 to 20 Mbit/s 
SSI 32D536 Data Separator Data Synchronizer/1, 7 RLL ENDEC/Write Precompensation 

SSI 32D5362 Data Separator Data Synchronizer/1, 7 RLL ENDEC/Write Precompensation 7.5 to 20 Mbit/s 
SSI 32D537 Data Separator Data Synchronizer/1.7 RLL ENDEC/Write Precompensation 10 to 24 Mbit/s 





HDD HEAD POSITIONING 
SSI 32H101A Preamplifier-Ferrite Head AV = 93, BW = 10 MHZ, e, = 7.0 nV/VHz __ 
SSI 32H116 Preamplifier-Thin Film Head AV = 250, BW = 20 Mt, e, = 0.94 nV/VHz 


SSI 32H523R Servo Read/Write Single-channel thin-film read/write device 

SS] 32H566 Servo Read/Write Single-channel ferrite read/write device 

SSI 32H567 Servo Demodulator Di-bit Quadrature Servo Pattern; PLL Synchronization 

SSI 32H568 Servo Controller Track & Seek Mode Operation; Microprocessor Interface 

SSI 32H569 Servo Motor Driver Head Parking, Spindle Motor Braking 

SSI 32H4630 Combo Servo & MSC Embedded and Hybrid Servo; Hall Sensor-Less Motor Speed Control +5V only 
SSI 32H6210 Servo Demodulator Di-bit quadrature servo pattern; PLL synchronization AGC adjustment 

SSI 32H6220 Servo Controller Track and seek mode operation; Microprocessor Interface 

SSI 32H6230 Servo Motor Driver Head parking; Spindle motor braking, voltage clamp 





HDD SPINDLE MOTOR CONTROL 





























SSI 32M590 2-Phase Motor Speed Control +0.035% Speed Accuracy; Unipolar Operation 


SSI 32M591 3-Phase Motor Speed Control +0.05% Speed Accuracy; Unipolar Operation 
SSI 32M593 3-Phase Motor Speed Control +0.037% Speed Accuracy; Bipolar Operation, 5-1/4" Drives 
SSI 32M594 3-Phase Motor Speed Control +0.037% Speed Accuracy; Bipolar Operation, 3-1/2", 5-1/4" Drives 


SSI 32M595 3-Phase Sensor-Less MSC Hall Sensor-Less; 5V only Motor Speed Control 





HDD CONTROLLER/INTERFACE 


SSI 32B451 SCSI Controller Async transfer to 1.5 Mbit/s; Internal Drivers; AIC 500L compatible 
SSI 320452 Storage Controller 20Mbit/sec; CMOS; Programmable; AlC-010 Compatible 


SS! 32C452A Storage Controller 15Mbit/sec; CMOS; Programmable; AlC-010F Compatible 
SSI 320453 Buffer Controller Non-mux addressing to 16K; CMOS; AIC-300 Compatible 
SS! 32B545 Support Logic Includes ST506 Bus Drivers/Receivers 





FLOPPY DISK DRIVES 

























SS! 34D441 
SSI 34P570 
SS! 34R575 
SSI 34B580 


High Performance Analog Data Separator, NEC 765 Compatible 
2 Channel Read/ Write with Read Data Path 

2, 4 Channel Read/Write Circuit 

Port Expander, Includes SA400 Interface Drivers/Receivers 


Data Separator 
Read Data Path 
Read/Write 

Support Logic 


TAPE DRIVER CIRCUITS 


SSI 35P550 Read Data Path 4 Channel Read/Write with Read Data Path 


Vil 














1 
1 
4 
i 
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DESCRIPTION 


The SSI 32R115 is a monolithic bipolar integrated 
circuit designed for use with 8-inch and 5-1/4-inch 
Winchester disk drive magnetic recording heads. The 
circuit interfaces with up to five magnetic recording 
heads providing the required read/write electronic 
functions as well as various control and data protect 
functions. The circuit operates on +5 volt and -5 volt (or 
-5.2 volt) power and is available in a variety of 
packages. 


BLOCK DIAGRAM 


VCT WUS 


UNSAFE 


READ 
AMPLIFIER 


DIFFERENTIAL 
READ 
DX AMPLIFIERS 
DY 
SWITCHES 


HSO 
HS1 


(5-CHANNELS) 
HEAD 
SELECT 
HS2 
CURRENT 
DIVERTER 
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SSI 32R115 
2, 4, 5-Channel 
Read/Write Device 
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FEATURES 


¢ Electrically compatible with 8-inch and 5-1/4-inch 
Winchester disk drive magnetic recording heads 


¢ Supports up to five recording heads per circuit 
¢ Detects and indicates unsafe write conditions 


¢ On-chip current diverter eliminates the need for 
external write current switching 


¢ Control signals are TTL compatible 


* Operates on standard +5 volt and -5 volt (or -5.2 
volt) power sources 





PIN DIAGRAM 






HSO [] 1 24|]wus 

we [| 2 23 | | HOX 

ws |] 3 22 |} HOY 

vcT [| 4 21 |} Hix 

HS1 |] 5 20 [| H1Y 

GND [] 6 scuanwers?9 [] Hex 

HS2 |] 7 18 |] H2Y 

vec ({|8 — 17 || H3x 

— NC i} 9 16 |] H3Y 
HOY CS [| 10 15 |] H4x 


DX {| 11 141] H4y 


H1X by | | 12 13 || VEE 
H1Y 


H2X 
H2Y 


H3X 
H3Y 


H4X 
H4Y 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI32R115 
2, 4, 5-Channel 
Read/Write Device 


CIRCUIT OPERATION 


WRITE MODE 


With both the chip select and write select signals acti- 
vated, SSI. 32R115 is switched to the write mode and 
the circuit operates as a differential current switch. The 
center tap head voltage (VCT) is turned on, the unsafe 
circuit detector is activated, and the current diverter is 
disabled. The head select signals (HSO, HS1, HS2) 
select one of five differential current switches. The 


selected current switch senses the polarity of the data. 


input signal (DX—DY) and gates write current to the cor- 
responding side of the head (HX or HNY). Head 
overshoot voltages that occur during normal write 
operation are sensed to determine safe or unsafe head 
circuit conditions. The detector senses the following 
unsafe conditions: no data transitions, head open, or 
no write current. | : 


READ MODE 


With chip select active and write select disabled, the 
SSI 32R115 is switched to the read mode and the 
circuit operates as a differential amplifier. The center 
tap head voitage is turned off, the unsafe circuit detec- 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


tor is deactivated, and the write current diverter is en- 
abled. The differential head input signal (HX—HY), 


selected by the head select signals, is amplified by a 


differential read amplifier and appears as a differential 
output signal on the data lines (DX, DY). 


During the read and idle modes, the on-chip current 
diverter circuit prevents write current from flowing inthe 
external gating of the write 


head circuits. Therefore, 


current source is not required. 


TABLE 1: Head Select 





Note: Invalid Head Select input codes (5, 6 and 7) have 
the effect of not selecting any heads. | 


Operation above absolute maximum ratings may permanently damage the device. 





PARAMETER 
Positive Supply Voltage, VCC 
Negative Supply Voltage, VEE 
Write Current (IWC) | 
Operating Junction Temperature 
Storage Temperature | 
Lead Temperature (Soldering, 10 SEC) 
INPUT VOLTAGES 

_ Head Select (HS) 
Unsafe (US) (IHUS < 15 mA) 


Write Current (WC) Voltage in read idle modes. 
(Write mode must be current limited to -70 mA) 





RATING 


| 25 to 135 
___-0.4to VCC +0.3 - 


—--0.3 to VCC +0.3 


1-2 


-65 to 150 
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SSI 32R115 
2, 4, 5-Channel 
Read/Write Device 





ABSOLUTE MAXIMUM RATINGS (Continued) 


PARAMETER RATING UNIT 7 


INPUT VOLTAGES (Continued) | 


Data (DX, DY) VEE to 0.3 ee 
Chip Select (CS) 0.4 to VCC +0.3 
Write Select (WS) -0.4t0 VCC +0.3 


RECOMMENDED OPERATING CONDITIONS 











Write Current (0-pk) IWC 
-Head Inductance LH 
Junction Temperature Range Tj 


ELECTRICAL CHARACTERISTICS os 
Unless otherwise specified, recommended operating conditions apply. 


POWER SUPPLY | 


PARAMETER CONDITIONS 


Total Power Dissipation (PD) Write Mode, IWC < 45 mA, 
Tj = 125 °C 


Positive Supply Current (ICC) Read/Write Mode 


Positive Supply Current (ICC) Idle Mode 


Negative Supply Current (IEE) Read/Write Mode -65 
Negative Supply Current (IEE) Idle Mode 


LOGIC SIGNALS 









Chip Select Low voltage (VLCS Read or Write Mode 


) 
Chip Select Low Current (ILCS) VLCS = 0V 7 -2.4 






Chip Select High Current (IHCS) 
Write Select Low Voltage (VLWS) 
Write Select Low Current (ILWS) 

‘Write Select High Current (IHWS) -250 


| NOM | 
Sed 
ie 
= 
PARAMETER |conpiions | MIN | NOM 
Leeazeel 
— 
easel 
a 
Seaman 
_ 





SSI 32R115 
2, 4, 5-Channel 
Read/Write Device . 


LOGIC SIGNALS (Continued) 










PARAMETER CONDITIONS | | MIN | 
| Head Select High Level Voltage 

(VHHS) 
Head Select High Level Current VHHS = VCC ? 

(IHHS) | : 


Head Select Low Level Voltage _ -0.3 V. 
(VLHS) . 

Head Select Low Level Current VLHS =OV_ 

(ILHS) : 






Unsafe Low Level Voltage ILUS =8 mA | | 
(VLUS)* (Denotes Unsafe Condition) 
Unsafe High Level Current VHUS = 5.0V 

(IHUS)* _ (Denotes Safe Condition) 


|InputCommon Mode Range { 
Vin = 1 mVpp, f= 300 KHz __ 


Voltage Bandwidth (-3dB) Zs < 10Q, Vin = 1 mVpp, | 30 
-_— f midband = 300 KHz | 
Input Noise Voltage Zs=0,Vin=0V, 
Power Bandwidth = 15 MHz 
Differential Input Capacitance | Vin = 0, f = 5 MHz - 
Differential Input Resistance Vin =0, f = 300 KHz ‘ 
(Internal Damping Resistor) =| | 
Output Offset Voltage 


Differential Head Current IWC = 45 mA, LH = 10 uH, 


f = 2 MHz 
Output Common Mode Voltage 





‘Single Ended Output Resistance | f= 300 KHz | 
Single Ended Output Capacitance oe eee eel 


| Dynamic Range DC input voltage where the AC gain 
falls to. 90% of its OVDC input value 

(Measured with 0.5 mVpp AC input 

voltage) a Wo! Ss ‘6 


Common Mode Rejection Ratio 





*Note: Unsafe is an open collector output. 7 
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2, 4, 5-Channel 
Read/Write Device 





READ MODE (Continued) 





PARAMETER CONDITIONS | NOM | 
Power Supply Rejection Ratio AVCC or AVEE, 100 mVpp, 

f = 5 MHz 
Channel Seperation | The four unselected channels are 

driven with Vin = 100mVpp, f = 5MHz 
Write Current Voltage IWC = 45 mA = 7 ae 
Total Head Input Current IWC = 0 td 
WRITE MODE 
PARAMETER | Nom | 
Current Gain (IH/IWC) IWC = 45 mA, IHA 

Head Current 

3.0 < VCT < VCC -0.5V 

IWC = 45 mA, LH = 10 WH 
Differential Data Voltage 
(DX — DY) 





IWC = 45 mA, LH = 10 pH, 
f = 2 MHz 


Differential Head Current IWC = 45 mA, LH = 10 UH, 
f = 2 MHz 








Total Head Input Current 
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SSI 32R115 
2, 4, 5-Channel 
Read/Write Device 





SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS ——s| MIN 
Idle to Read/Write Transition Time Roos ee 
Read/Write to Idle Transition Time ee 


(Circuit Enabled) 7 ; 


‘Write to Read Transition Time 0<VLCS < 0.8V _ 
| (Circuit Enabled) 
Head Select Switching Delay Time ee eee ld 


Head Current Transition Time (10% to 90% points) 
ae | : IWC = 45 mA, LH = OH, 
~RH=00 


Head Current Switching “IWC =45mA,LH=0H, | 
Delay Time (TD1-TD2) —*|| RH=00,f=5MHz . 
| | (See Figure 1) 


_Head Current Switching _ IWC = 45 mA, LH = OH, 
Hysteresis TH=(TD1-—TD2) | RH=0Q,f=5 MHz, 
| (VDx — VDy) Rise Time = 2ns 
(See Figure 1) — : | 


Unsafe to Safe Delay After Write | IWC =30 mA, 
Data Begins (TDs) LH = 10 iH, f = 2 MHz 
| : | (See Figure 2A) 
Safe to Unsafe Delay (TD4) | LH = 10 uH, 
| eS f = 2 MHz, IWC = 45 mA 
(See Figure 2B) 


Read to Write Transition Time -0<VLCS<0.8V 
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SSI 32R115 
2, 4, 5-Channel 
Read/Write Device 





Differential Head Current 


FIGURE 1: Head Current Timing 


——- ene Load Capacitance = 20 pF 
| . Pull Up Resistor = 1 KQ 
2.0V | 
VUS 


FIGURE 2A: Unsafe to Safe Timing 





Head Overshoot 
Voltage (VH1, VH2) 


Load Capacitance = 20 pF 
Pull Up Resistor = 1 KQ 





FIGURE 2B: Safe to Unsafe Timing 


0689 1-7 


SSI32R115_ 
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_. Read/Write Device 





PACKAGE PIN DESIGNATIONS 






(TOP VIEW) ‘5 
o © 8 3D pad 
=> = ft 2? eF 
L__ | |} = Td Ld Ls om 
HSo L} 1 24 || WUS Hso [14 181] wus 4 3 2 1 
wc |] 2 23 [] Hox we [] 2 171] Hox VCT 251] HOY 
ws [| 3 22 || HOY ws [13 16{lHoy 482 241] H1X 
vet []} 4 211} H1x vet []} 4  sentts2 15[]H1xX GND 23 [] H1Y” 
Hs1 [5 20 [] H1v sortis4 18] Cet 
92A115-5 4 CHANNELS GND || 5 14] H1Y uss coos 22 [] Hex 
GND | 6 5 CHANNELS 19 | H2X VCC | 6 13 | NC 


vec : 211] Hay 





Hse [17 18{] H2Y NC |} 7 12 L] NC seas TT ee ry 20 1] H3x 
vec [] 8 17 [] H3x CSI] 8 11 |] VEE 
acto hice 19 [] H3Y 
No L i Dx L} 9 10[] DY 1415 16 17 
CS [] 10 15] Hax | 1 3 
COT oT oT oT oo 
px (] 11 14] Hay 18-Pin PDIP Saw 22 8 & 


py [] 12 13[] VEE | 

ij 22-Pin PDIP . _ °8-Pin PLCC 
24-Pin PDIP, 
Flatpack, SOL 

THERMAL CHARACTERISTICS: ja 

| 18lead {| PDIP, Ss | t4oecw | lead =| PDIP | SPC 

| 22lead {| = PDIP, S| B5°C/W 

PLCC 65°C/W 24-lead | 

















ORDERING INFORMATION 


oe PART DESCRIPTION | ORDERING NUMBER | PACKAGEMARK ~ 






SSI 32R115 | . 
2-Channel PDIP SSI 32R115-2P SSI 32R115-2P 


4-Channel PDIP 
§-Channel PDIP 
5-Channel SOL 
5-Channel Flatpack 





5-Channel PLCC | ~ SSI 32R115-5CH 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSi 32R117/117A devices are bipolar monolithic 
integrated circuits designed for use with center-tapped 
ferrite recording heads. They provide a low noise read 
path, write current control, and data protection circuitry 
for as many as six channels. The SSI 32R117/117A 
requires +5V and +12V power supplies and is available 
in 2, 4or6 channel versions with a variety of packages. 


The SSI 32R117R/117AR differs from the SSI 
32R117/117A by having internal damping resistors. 


BLOCK DIAGRAM 


voD1 vcc GND WUS VDD2 VcT 


WRITE CENTER 
UNSAFE TAP 
DETECTOR DRIVER 


WRITE 


CURRENT f: 
| SOURCE | 








SSI 32R117/117R, 


32R117A/117AR 
2, 4, 6 Channel 
Read/Write Device 
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FEATURES 


¢ +5V, +12V power supplies 

¢ Single or multi-platter Winchester drives 

¢ Designed for center-tapped ferrite heads 

¢ Programmable write current source 

¢ Available in 2, 4 or 6 channels 

¢ Easily multiplexed for larger systems 
Includes write unsafe detection 

¢ TTL compatible control signals 





PIN DIAGRAM 






HSO 281] HS1 
cs 271] HS2 
GND 26{] WDI 
HOX 251] VDD1 
HOY 241] VDD2 
H1iX 32R117-6 23\) VCT 
32R117A-6 
H1Y g2r1i7R-6 221] H5X 
32R117AR-6 
H2X H5Y 
H2Y 201} H4X 
RW 191} H4Y 
WC 181] H3X 
NC 17[] H3Y 
RDX 16|] WUS 
RDY 15|] vec 


CAUTION: Use handling procedures necessary 
for a Static sensitive component. 


SS132R117/117R_ 
32R117A/117AR 
2,4,6-Channel | 
- Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R117/117A functions as a write driveroras - 


a read amplifier for the selected head. Head selection 
and mode control are described in Tables 1 & 2. Both 
R/W and CS have internal pull-up resistors to prevent 
an accidental write condition. 


WRITE MODE 


The Write mode configures the SSI 32R117/117Aasa__ 


Current switch and activates the Write Unsafe Detec- 
tor. Head current is toggled between the X- and Y-side 
of the recording head on the falling edges of WDI, Write 
Data Input. Note that a preceding read operation 
initializes the Write Data Flip-Flop, WDFF, to pass 
current through the X-side of the head. The magnitude 
of the write current, given by : , 


lw = K/Rwe, where K = Write Current Constant 


is set by the external resistor, Rwc, connected from pin 
WC to GND. ; | 


Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 


° Head open 

: Head center tap open 
iy WD! frequency too low 
* Device in Read mode 
¢« Device not selected 


« No write current 


After the fault condition is removed, two negative 
transitions on WDI are required to clear WUS. 


Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 130Q x 50/lw (lw in mA). At 
low write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 


READ MODE 


Inthe Read mode the SSI 32R117/117A is configured 


as a low noise differential amplifier, the write current 


source and the write unsafe detector: are deactivated, | 
and the write data flip-flop is set. The RDX and RDY | 


outputs are driven by emitter followers and are inphase 


with the “X” and “Y” head ports. They should be AC. 


coupled to the load. | 


Note that the internal write current source is deacti- 
vated for both the Read and the Chip Deselect mode. 
This eliminates the need for external gating of the write 
current source. 


IDLE MODE 


Taking CS high selects the idle mode which 
switches the RDX, RDY outputs into a high imped- 
ance state and deactivates the internal write current 
source. This facilitates multi-device installations by 
allowing the read outputs to be wire OR’ed. 


TABLE 1: Mode Select 





x = Don't care 


1 = High level 


0 = Low level 


1-10 
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SSI 32R117/117R 
32R117A/117AR 

2, 4, 6-Channel 
Read/Write Device 





PIN DESCRIPTIONS | 


DESCRIPTION 2 


Head Select: selects up to six heads y 
Chip Select: a low level enables device 
Read/Write: a high level selects read mode 






VO 







HSO0-HS2 


ES 
=| 


WUS 


© 
” 










HOX-H5X /O X,Y head connections 
HOY-H5Y 


RDX, RDY 


“When more than one R/W device is used, these signals can be wire OR’ed. 


Write Unsafe: a high level indicates an unsafe writing condition (open collector) 
Write Data In: negative transition toggles the direction of the head current 


?) 


la | 
9 


< 
=| 


C 
VCC 
VpD1 
VDD2 
GND 








ABSOLUTE MAXIMUM RATINGS (Operation above absolute maximum ratings may permanently 
damage the device. All voltages referenced to GND.) 


PARAMETER VALUE 


VH 










woo 
| a 

3 [voc 

| VH_ Head PortVoltageRange |= -0.3toVDD40.3 |  =VDC 
vs WUS Por Votage Range —=SSSC*dSC enw | 
fiw Writecurett tm 
flo ROX,RDYOutputCurent | | mA 
a SA 
FiwusWUS Ouput Curent tem 
[ag Stoage Terperaure Range —~S~C~*~stSC*<‘ RBCS 
| Lead Temperature, PDIP, Flatpack (10sec soldering) | 260s | 


VDC 
VDC 
VDC 
VDC 
VDC 
VDC 
— mA 
mA 
mA 
mA 
°C 
°C 
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SSI 32R117/117R | 
32R117A/117AR 
2, 4, 6-Channel 


_ Read/Write Device. 





RECOMMENDED OPERATION CONDITIONS 





PARAMETER CONDITIONS , 


DC Supply Voltage VDD1 
| DC Supply Voltage V Pe He Sel 
Head Inductance 
aes 
ea epee El 


CC 
Lh 
: RD 
RCT - 

lw 
a 


DC CHARACTERISTICS —s—i«w _ 
(Unless otherwise specified, recommended operating conditions apply.) — 


PARAMETER - CONDITIONS 


vec Supply Current _ | Read/Idle Mode 


VDD Supply Current _ Idle Mode os 


| Power Dissipation (Tj = +125°C) 


Write Mode, lw = 50 mA, 
RCT = 1300 


‘Write Mode, lw = 50 mA, 
RCT = 02 


Digital Inputs 2 ae 
: Input Low Voltage 

Input High Voltage —- —— 
Input Low Current HL 


Center Tap Voltage Write Mode | 
| _| Read Mode | 
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SSI 32R117/117R 
32R117A/117AR 

2, 4, 6-Channel 
Read/Write Device 





WRITE CHARACTERISTICS (Unless otherwise specified: recommended operating conditions apply, 
IW = 45 mA, Lh = 10 pH, Rd = 750Q (382R117/A only), f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF) 


PARAMETER CONDITIONS 


Write Current Range a 
Write Current Constant “K” Ree ee el 


Unselected Head Transient Current 


Differential Head Voltage Swing Eee 


Differential Output Capacitance 
32R117/A 


Unselected Head Leakage Current | Sumof X &Y side 
leakage current 


Differential Output Resistance 






READ CHARACTERISTICS 
(Unless otherwise specified: recommended operating conditions apply, |W = 45 mA, Lh = 10 wH, 
Rd = 750Q (32R117/117A only), f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF, Vin is referenced to VCT) 


PARAMETER 


Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 
RL(RDX), RL(RDY) = 1 KQ 
32R117/117R 


DC Input Voltage, Vi, 
Where Gain Falls by 10%, 
Vin = Vi+ 0.5 mVpp 

@ 300 KHz 


Bandwidth (-3dB) 
Input Noise Voltage BW = 15 MHz, 32R117/R 


Lh=0, RN = 0 38147W/AR 


Differential Input Capacitance f = 5 MHz . 
Differential Input Resistance 32R117/117A, f = 5 MHz 2K 


32R117R, f = 5 MHz 390 
32R117/117AR 450 
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SSI 32R117/117R 
32R117A/117AR 
2, 4, 6-Channel 


Read/Write Device 


READ CHARACTERISTICS (Continued) 






PARAMETER - CONDITIONS | MAX —uNITs |. 


Input Bias Current ( (per side) —- 
Common Mode Rejection Ratio Vem = VCT + 100 mVpp 
@ 5 MHz 


Power Sibel Rejection Ratio 100 mVpp @ 5 MHz on 
| . VDD1, VDD2 or VCC 


Unselected Channels: 
Vin=100 mVpp @ 5 MHz; 
Selected Channel: 

Vin = 0 mVpp 


32R117/117R 














| Channel Separation 



















Output Offset Voltage 






rn 


Write/Idle Mode 
f = 5 MHz 


Common Mode Output Voltage 









‘Single Ended Output Resistance 


Leakage Current, RDX, RDY 


Output Current ; 








AC Coupled Load, 
RDX to RDY 





‘SWITCHING CHARACTERISTICS (Unless otherwise specified: recommended operating conditions 
apply, IW = 45 mA, Lh = 10 pH, Rd = 750Q (32R117/A) only, (Data) = 5 MHz) 


PARAMETER 


RW To Write | | Delay to 90% of _ 
write current 


R/W to Read Delay to 90% of 100 mV © 
| 10 MHz read signal 
envelope or to 90 % 


decay of write current 


CS to Select | Delay to 90% of write 
| current or to 90% of 
100mV 10MHz read 

signalenvelope 


cs to. Unselect. 7 3 Delay to 90% decay 
arn of write current : 
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RDX, RDY = 6V +100 LA 
Write/Idle Mode | 
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SSI 32R117/117R 
32R117A/117AR 

2, 4, 6-Channel 
Read/Write Device 





SWITCHING CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 


HSO - HS2 to any head Delay to 90% of 100 mV 
10 MHz read signal 
envelope 


WUS - Safe to Unsafe - TD1 lw =50 mA 
WUS - Unsafe to Safe - TD2 lw = 20 mA 


Head Current (Lh = 0 pH, Rh = 0Q) 
Prop. Delay - TD3 From 50% points 


Asymmetry WDI has 50% duty cycle 
and 1ns rise/fall time 


Rise/Fall Time 10% - 90% points 


q— D2 —)» 


WUS 


—)| |\q— 1s 


HEAD 
CURRENT 
(Ix - ly) 





FIGURE 1: Write Mode Timing Diagram 


1-15 


SSI 32R117/117R_ 
32R117A/117AR 

2, 4, 6-Channel 
Read/Write Device 


+5V +12V 


see Note 5 


100 i ez see Note 1 . see Note 2 
= RCT ss 


vec VDDi VDD2. 






VCT 
see Note 4 


»| MICROPROCESSOR 


SSI 32B545 
LOGIC 
SUPPORT 


DRIVE 
INTERFACE 
i 








$S132P540 
| READ DATA PROCESSOR LOW 
VOLTAGE 
| bela SSI 32R117 , 
i go SSIS2R117A_— ax 
HEAD A Se eee 
SELECTS j 


i ae OE 
WRITE as, 


see Note 3 


| ane 
READ oe BOMAIN a FILTER 
DATA rs = FILTER - ma a 
| 
NOTES see Note 6 


1. An external resistor, RCT, given by, = 
| 117/117R RCT = 130(55/Iw)Q, where Iw is in mA, 
117/117AR = 130(50/lw)Q 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 


2. Aferrite bead (Ferroxcube 5659065/4A6) can be used to suppress write current overshoot and ringing 
induced by flex cable parasitics. 


3. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. 
4. Damping resistors not required on 32R117R/117AR version. 


5. The power bypassing Capacitor mustbe located close to the 32R117/117Awith its ground returned directly 
to device ground with as short a path as possible. 


6. To reduce ringing due to stray capacitance this resistor should be located close to the 32R117/117A. 
Where this is not desirable a series resistor can be used to buffer a long WC line. 


FIGURE 2: Applications Information 
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SSI 32R117/117R 
32R117A/117AR 

2, 4, 6-Channel 
Read/Write Device 





PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


HSO 281] HS1 


GND 26[} WDI 
HOX 25{] VDD1 
ee HOY 24[] vbD2 
HAY UG H1X gornii7-6 23{] VCT 
32R117A-6 


H1Y 32R117R-6 221) H5X 
32R117AR-6 


92R117-2 
32R117A-2 
B9RI7R2 14/ H1X 
32R117AR-2 
13 






H2Y H2X 211} H5Y 
RW H2Y 20[] H4X 
WC RAW 191] H4Y 
18-lead PDIP 
RDX WC 181] H3xX 
x 2 ye 8aB8 22-lead PDIP | NC 171 H8Y. 
ee ee, ee i RDX 16{] WUS 
432 1 | 
HOY U5 VDD1 ae 15H} vee 
H1X 06 VDD2 28-lead PDIP, 
HiY 07 32R117-6 VCT | Flatpack, SOL 
32R117A-6 
H2x 18 32R117R-6 H5X 
pee a 32R117AR-6 ve 


R/W 10 H4X 


we O41 H4Y 
17 





= ieee | THERMAL CHARACTERISTICS 
HS1 


WwDI 
VDD1 
vDD2 


32R117-4 vCT 
32R117A-4 
32R117R-4 H3X 
32R117AR-4 
H3Y 





24-lead Flatpack, SOL 
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SSI 32R117/117R, 
32R117A/117AR 
2,4, 6-Channel . 
_Read/Write Device 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. PKG.MARK _ 






SSI 32R117 | 


4-ChannelPDIP 
| __4-Channel SOL | ssigarnizach | R7ACL 





32R117-6F 
-SSI32R117R with Internal Damping Resistor - | 


ee ee EE __§$132R117R-2P 32R117R-2P SC«d SC 


| 2-Channel PDIP | —-- §S1.32R117-2P. 32R117-2P 






4-Channel PDIP _ SSI 32R117R-4CP 32R117R-4CP 
4-Channel SOL ~ $S132R117R-4CL ~ 82R117R-4CL 
‘4-Channel Flatpack ; SSI 32R117R-4F 32R117R-4F 





6-Channel SOL SSI 32R117R-6CL 32R117R-6CL - 


6-Channel PDIP | SSI 32R117R-6CP 32R117R-6CP 
6-Channel Flatpack SSI 32R117R-6F 32R117R-6F 


6-Channel PLCC SS132R117R-6CH — 32R117R-6CH 


SSI 32R117A 
4-Channel PDIP 
4-ChannelSOL” — | gsiseRii7a4ch sd 32R117A-4CL 
4-ChannelFlatpack 
6-Channel PDIP ce et 


6-ChannelFlatpack == 4 SSI 32R117A-6F 32R117A-6F 
6-ChannelPLCC it a SSI 32R117A-6CH — 32R117A-6CH 


SSI 32R117AR with Internal Damping Resistor - _.% 


32R117A-4CP 


6-ChannelSOL  —ss—=tS SS] 32R117A-6CL 





4-ChannelFlatpack SSIS2R117AR-4F 


SSI 32R117AR-4CL . 












6-Channel SOL 7 SSI32R117AR-6CL 32R117AR-6CL 


- 6-Channel Flatpack — SSI 32R117AR-6F 32R117AR-6F 
| 6-Channel PLCC SSI 32R117AR-6CH 32R117AR-6CH 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SSI 32R501/501R 
4 Bs ® 4, 6, 8-Channel Ferrite 
Sl ref Read/Write Device 


DESCRIPTION FEATURES 


The SSI 32R501 is a bipolar monolithic integrated © Single or multi-platter Winchester drives 
circuit designed for use with a center-tapped ferrite P : : 
recording head. It provides a low noise read path, write Designed for center-tapped ferrite heads 
current control, and data protection circuitry for as * Programmable write current source 
many as 8 channels. The SSI 32R501 requires +5V ; ; 

and +12V power supplies and is available ina variety ° Easily multiplexed for larger systems 


of packages. ¢ Includes write unsafe detection 
The SSI 32R501R performs the same functionasthe °® JTL compatible control signals 


SSI 32R501 with the addition of internal damping . 


| vel 1.5 nV/VHz maximum input noise voltage 
resistors. 


¢ 4+5V, +12V power supplies 





BLOCK DIAGRAM PIN DIAGRAM 


VDD1 VCC GND WUS VDD2 VCT 
{+} }-—_—— eee eee . 





Hox [] 1 32 [] GND 






SERRE ah: HOY [] 2 31 |] NC 
WRITE HOX 
UNSAFE TA H1X [] 3 30 [] 6S 
DETECTOR HOY ' 1 RW 
H1Y [] 4 29 
RAV es Hex [] 5 2a [] we 
ro “READ AC H1Y Hey [] 6 27 T] RDY 
ROX 74 a As os H2Xx H3x [] 7 26 |] RDX 
MULTIPLEXER 32R501-8/ 
RDY [1 H2Y H3Y [| 8 32RS50iRB 2° || HSO 
H3X H4X 119. Gronnets 24 Lt HS! 
H3Y H4Y |] 10 23 |] HS2 
Wo! (4 H4x H5X || 11 22 [| vec 
Hay _ HSY [} 12 | 21 [|] WD! 
HEX H6x {| 13 20 |] wus 
Hey |} 14 19 |] VDD1 
H5Y 
H7X |] 15 18 |] VDD2 
Lt H6X 
HS4 H7Y || 16 17 || voT 
[| H6Y 
HS2 | | H7X | 
32-LEAD SOW 
WC | | H7Y 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device — 


CIRCUIT OPERATION | 


The SSI 32R501 givesthe userthe ability to address up 
to eight center-tapped ferrite heads and provide write 
drive or read amplification. Head selection and mode 
control is accomplished using the HSn, CS and R/W 
inputs as shown in Tables 1 & 2. Internal pullups are 
provided for the CS & R/W inputs to force the device 
into a non-writing condition if either control line is 
opened accidentally. | 


TABLE 1: Mode Select 





0 =Low level 1 = High level 


WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SSI 32R501 as a current switch and ac- 
tivates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the “X” side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor Rwc from pin WC to 
GND andis given by: 


Iw = K/Rwc, where K = Write Current Constant 


The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: oe 


¢ Head open ¢ Head center tap open — 
« WDI frequency too low + Device in read mode 
* Device not selected ¢ No write current — 


Two negative transitions on WDI, after the fault is 
corrected, will clear the WUS flag. 


Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 120Q x 50/lw (Iwin mA). At 


low write currents (<15 mA) read mode dissipation is 


higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. | 


READ MODE 


Taking CS low and R/W high selects read mode which 
configures the SSI 32R501 as a low noise differential 


amplifier for the selected head. The RDX and RDY 
_outputs are driven by emitter followers and are inphase 


with the “X” and “Y” head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. | 


Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the “X” 


| side of the head at a subsequent write mode selection. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 


- deactivates the internal write current source. This 


facilitates multi-device installations by allowing the 


read outputs to be wire OR’ed. 
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SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 





PIN DESCRIPTIONS 


VO DESCRIPTION 





Head Select ; _ 
Chip Select: a low level enables device 


HS0-HS2 














Read/Write: a high level selects read mode 





WUS Write Unsafe: a high level indicates an unsafe writing condition 






= 
= 





=) 


< 
QO 
© 


Write Data In: negative transition toggles direction of head current 


HOX-H7X /O X,Y head connections 
HOY-H7Y 


RDX, RDY 
WC 


X, Y Read Data: differential read signal out 

Write Current: used to set the magnitude of the write current 
Voltage Center Tap: voltage source for head center tap 

+5 | 
+12V 

Positive power supply for the center tap voltage source 
Ground 


< 


G) 
Zz 
0 


* When more than one R/W device is used these signals can be wire OR'ed. 








ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 


PARAMETER VALUE UNITS 


DC Supply Voltage vpDt 
DC Supply Voltage VDD2 -0.3 to +14 
DC Supply Voltage vec 
Digital Input Voltage Range VIN 
Head Port Voltage Range VH 
WUS Pin Voltage Range Vwus VDC 

Output Current RDX, RDY lo 
Output Current Nerf Om 
Output Current Iwus 
Storage Temperature Range ___Tstg 
Lead Temp. PDIP, Flatpack (10 sec Soldering) 
Package Temperature PLCC, SO (20 sec Reflow) 
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SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 


RECOMMENDED OPERATION CONDITIONS 


as foo [ss | woo 
Psensorony | 0 

















4.5 

5 
-32R501 only 500 
Fwitecuren sw SSSC*d || mm 
[suneion Temperate Range tf Sis Ps 


“For lw = 50 mA. At other Iw levels refer to Applications Information that follows 






this specification. 


DC CHARACTERISTICS - 3 
Unless otherwise specified, recommended operating conditions apply. 











POWER SUPPLY | 
PARAMETER | CONDITIONS 





Presaide woe | 
Pwiewode | 
Pile ode 
Preaaode | 
Fwaemoe | 
Fide wade | 
or 


VCC Supply Current 





VDD Supply Current 
(sum of VDD1 and VDD2) 








Power Dissipation (Tj = +135°C) 





Write Mode, Iw = 50 mA, 
RCT = 0Q 


Write Mode, lw =50 mA 
RCT = 120Q 
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| Center Tap Voltage Read Mode 


SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 





DC CHARACTERISTICS (Continued) 


DIGITAL I/O 


PARAMETER CONDITIONS 

ViL__ Input Low Voltage ae ee 
HL Input Low Current VIL = 0.8V 
IH Input High Current VIH = 2.0V 

VOL WUS Output Low Voltage lIOL=8mA 

IOH = WUS Output High Current VOH = 5.0V 


WRITE MODE 


ae 
ar 
eet 
. PARAMETER | | MIN 
Li 
| 129 
es! 













Write/Idle Mode 





READ MODE 


PARAMETER CONDITIONS 






Input Bias Current (differential) ire: ee ee 
Output Offset Voltage Read Mode -480 Le 
Common Mode Output Voltage Read Mode ar ae 
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SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING rg 


Unless otherwise specified, recommended operating conditions apply and Iw= 45 mA, Lh= 10 uH, Rd = 750Q 
32R501 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) : 


WRITE MODE ms = 


CONDITIONS 


5uH< th<9.5 pH 
| 10K | 


7.5 
32R501 
600 


32R501R 


WUS = low 













Differential Voltage Gain Vin = 1 mVpp @ 300 kHz, 
a RL(RDX), RL(RDY) 

=1 KQ 
DC Input Voltage, Vi, 
Where Gain Falls 

by 10%. Vin = Vi+ 
0:5 mVpp @ 300 KHz 
\Zs| < 5Q, Vin = 1 mVpp - 
BW = 15 MHz, 
Lh =0,Rh=0 


Differential Input Capacitance f=5 MHz. ae 


Differential Input Resistance _—=i|- 323501, f=5 MHz" 


Differential Input Resistance 32R501R, f = 5 MHz | 460 
mvV 45 


Common Mode Rejection Ratio Vem = VCT + 100 mVpp 
@ 5 MHz 













| Dynamic Range 



















Bandwidth (-3dB) 
Input Noise Voltage 





Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 
| | VDD1, VDD2 or. VCC 


Unselected Channels: 
Vin=100 mVpp @ 5 Mkz; 
Selected Channel: 

Vin = 0 mVpp 


Single Ended Output Resistance f = 5 MHz 







Channel Separation 
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SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 





READ MODE (Continued) 


CONDITIONS 
AC Coupled Load 
RDX to RDY 


’ 2.0 
AC coupled to output 100 
per side to GND 


0<f<5 MHz 





SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS 


R/W To Write Delay to 90% of 
Write Current 


R/W to Read Delay to 90% of 
100 mV, 10 MHz Read 
Signal Envelope or 
to 90% decay of 
Write Current 


CS to Select Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 
CS to Unselect Delay to 90% Decay 
of Write Current 
HSO - HS2 to any head Delay to 90% of 100 mV, = 


10 MHz Read Signal 
Envelope 


WUS-Safe to Unsafe - TD1 lw =50 mA 
WUS-Unsafe to Safe - TD2 lw = 20 mA 


Head Current (Lh = 0 WH, Rh = 0Q) 


Prop. Delay - TD3 From 50% Points 


Asymmetry WDI has 50% Duty Cycle 
: and ins Rise/Fall Time 


Rise/Fall Time 10% - 90% Points 
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SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 


amie 


wus 
—> TD3 


HEAD 
CURRENT 
(Ix - ly) 





FIGURE 1: Write Mode Timing Diagram 


+5V 


see Note 4 
100 pF see Note 1 


0.1 pF T~ 


vec VDDi VDD2 VCT 


MICROPROCESSOR WUS 


. LOGIC... 
SUPPORT 


& 
© 
ry 
o 
rN) 


FILTER ah 


we see Note 3 ssi g2R501 
AGC ; 
ot. AMPLIFIER 
READ <a eat Bile py - 


DATA 


SSI 32P541 READ DATA PROCESSOR 


NOTES 


An external resistor, RCT, givenby; RCT = 120 (S0/tw) where lwis the zero-peakwrite cunert ” mA, can be used 

to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

Damping resistors not required on 32R501R versions. 

Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application these 

outputs can be wire-OR'ed. 

The power bypassing capacitor must be located close to the 32R501 with its ground returned directly to device 

ground, with as short a path as possible. 

To reduce ringing due to stray capacitance this resistor should be located close to the 32R501. Where this is not RWC 
desirable a series resistor can be used to buffer a long WC line. see Note 5 


al 
aot 
Exon 
a 





FIGURE 2: Applications Information 
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SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 





PACKAGE PIN DESIGNATIONS 









(TOP VIEW) 
GND To N/C* Hox [] 1 32 [|] GND 
HoY [] 2 31 [] N/c* 
N/C cs 
” Hix || 3 30 |] cS 
HOX || RW H1Y [] 4 29 [] RW 
HOY | WC H2x |} 5 WC 
Hay [| 6 RDY 
H1X || RDY 
32R501-4/ ea eg ae 
HIY 6 onsoin-4 19 [ROX Hoy [} 8 Z2R501-8 25 1) so 
4 8 
H2x Channels || HSO H4X 1] 9 Channels HS1 
Hay [] 10 HS2 
H2Y || HS4 H 
H5x [] 11 vcc 
Hx || vec H5Y [] 12 21 [] wol 
H3Y || WDI . Hex [] 13 20 [] wus 
VCT WuUS Hey [] 14 19 [] vop1 
H7X |] 15 18 |] vob2 
vRRe YO? H7Y [] 16 17 [] vet 
* Must remain open | *Must remain open 
24-Lead SOL 32-Lead Flatpack, SOW 
HOX GND 
HOY N/C* 
H1X cs 
H1Y RW 
H2X WC 
H2Y RDY 
32R501-8/ 
H3X 32R501-6/ RDX cay R-8 
32R501R-6 Channels 
H3Y [| 8 6 2 HSO 
Channels 
H4X HS1 
H4Y HS2 
H5X vcc 
H5Y WDI 
VCT || WUS 
VDD2 |} VDD1 
*Must remain open *Must remain open 
28-Lead PDIP, SOL, Flatpack 40-Lead PDIP 


0689 1-27 


SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 


PACKAGE PIN DESIGNATIONS 


(TOP VIEW) 


Hs2 
_ HS1 


HSO 


RDX 32R501-6/32R501R-6 


6 Channels 


RDY 


*Must remain open 


28-Lead PLCC 


1 N/C 
1 N/C 


32R501-8/32R501R-8 


1 VDD1 
1 VDD2 
 VCT 
 H7Y 
 H7X 
n N/C 


8 Channels 


22K 


N/C* 
GND 9 & 


*Must remain open 
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HOY f » 


N/C J & 


N/C g 
; HiX fj a 
—HIY 





H5X 


H4Y 


H4X 


H3Y 


H3X 


H2Y 


H2X 





N/C 
H6Y 
H6X 
H5Y 
H5X 
H4Y 


H4X. 
H3Y 


H3X 
H2Y 
H2X 
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SSI 32R501/501R 
4, 6, 8-Channel Ferrite 
Read/Write Device 





THERMAL CHARACTERISTICS:  6ja 


24-lead 80°C/W FLATPACK 60°C/W 
SOL 


32-lead 
28-lead | PDIP | 55°C 









PLCC 40-lead | PDIP | 45°C 
| sok | orc | 44 lead 
Flatpack 65°C/W 


















ORDERING INFORMATION 























| PARTDESCRIPTION = | SS CORDERNO. = SO PKG.MARK 
SSI 32R501 

| 4-ChannelSOL_ | S8I32R501-4CL 32R501-4CL 

| _8-ChannelFlatpack =—--_s/s§s§s | SS132R501-8F | 2REOT-BF 
SSI 32R501R | 

| 4ChannelSOL i (assid SSI 32R501R-4CL 32R501R-4CL 


Y 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32R510A is a bipolar monolithic integrated 
circuit designed for use with a center-tapped ferrite 
recording head. It provides a low noise read path, write 
current control, and data protection circuitry for as 
many as 6 channels. The SSI 32R510A requires +5V 
and +12V power supplies and is available in a variety 
of packages. 


The SSI 32R510AR performs the same function as the 


SSI 32R510A with the addition of internal 750Q damp- 
ing resistors. 


BLOCK DIAGRAM 


vDD1 vcc GND WUS vD02 vCcT 


CENTER 
TAP 
DRIVE 


WRITE 
UNSAFE 
DETECTOR | 


- WRITE 
“| CURRENT 
ri SOURCE 
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SSI 32R510A/510AR 
2, 4, 6-Channel 
Read/Write Device 
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FEATURES 


¢ High performance: 
' = Read mode gain = 100 V/V 

- Input noise = 1.5 nV/VHz max. 

- Input capacitance = 20 pF max. 

- Write current range = 10 mA to 40 mA 
¢ Enhanced system write to read recovery time 
¢ Power supply fault protection 
¢ Plug compatible to the SSI 32R117 
* Designed for center-tapped ferrite heads 
¢ Programmable write current source 
* Write unsafe detection 
¢ TTL compatible control signals 
e +5V, +12V power supplies 





PIN DIAGRAM 
(6-Channel) 


HSO 
cs 


HOX GND 
—[_] Hoy HOX 
na HOY 
| | HIY Hix 


H2X 


H1Y 32R510A-6 


H2Y 
MULTI- |: 
PLEXER H2x 


HaXx 
H2Y 
R/W 
WC 
HBX NC 
HSY RDX 


RDY 


32R510AR-6 
8 2 


H3Y 


H4X 


H4Y 





CAUTION: Use handling procedures necessary 
for a static sensitive component. 





_ SSI 32R510A/510AR 
2, 4, 6-Channel 


Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R510A has the ability to address up to 6 
center-tapped ferrite heads and provide write drive or 
read amplification. Head selection and mode control 
are accomplished using the HSn, CS and R/W inputs 
as shownin tables 1 & 2. Internal pullups are provided 
forthe CS & R/W inputs to force the device into a non- 
writing condition if either control line is opened acciden- 
tally. ae pg . 


TABLE 1: Mode Select 
cs 


R/W 


Write 





TABLE 2: Head Select 





0 = Low level x = Don't care 


1 = High level 


WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SSI 32R510A as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the “X” side of the 


head. The zero-peak write current magnitude is pro- - 


grammed by an external resistor Rwc from pin WC to 
GND and is given by: 


lw = K/Rwc, where K = Write Current Constant 
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_* Head open 


The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 


| hi ¢ Head center tap open 
¢ WDI frequency too low + Device in read mode 
- Device not selected =.» No write current 


Two negative transitions on WDI, after the fault is 
corrected, will clear the WUS flag. 


To further assure data security a voltage fault detection 
circuit prevents application of write current during 


power loss or power Sequencing. | 


To enhance write to read recovery time the change in 
RDX, RDY common mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. 


Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value-is 150Q x 40 /Iw (lwin mA). At 
low write currents (<15mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 


READ MODE 


Taking CS low and R/W high selects read mode which 
configures the SSI 32R510A as a low noise differential 
amplifier for the selected head. The RDX and RDY 
outputs are driven by emitter followers and are inphase 
with the “X” and “Y” head paths. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. . oO 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 
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2, 4, 6-Channel 
Read/Write Device 










PIN DESCRIPTIONS | _ 


/O DESCRIPTION 


Head Select 


HS0-HS2 









CS Chip Select: a low levei enables device 
R/W Read/Write: a high level selects read mode 
WUS Write Unsafe: a high level indicates an unsafe writing condition 


D 


HOX-H5X 
HOY-H5Y 


RDX, RDY 


Write Data In: negative transition toggles direction of head current 


/O X,Y head connections 


Ground 


= 
Oo 


VCT 
VCC 
VDD1 
VDD2 
GND 













“When more than one R/W device is used, these signals can be wire OR’ed. 


ABSOLUTE MAXIMUM RATINGS (Operation above absolute maximum ratings may permanently damage 
the device. All voltages referenced to GND. Currents into device are positive.) 


DC Supply Voltage yoo" 
DC Supply Voltage vD2 
DC Supply Voltage vec 
Digital Input Voltage Range VIN 
Head Port Voltage Range VH 
WUS Pin Voltage Range Vwus VDC 

Write Current (Zero Peak) W ae Sine nen Same 
RDX, RDY Output Current lo 
VCT Output Current wer {| Of mA 
WUS Output Current lwus +12 
Lead Temperature PDIP, Flat Pack 


(10 sec Soldering) 260 


Package Temperature PLCC, SO 
(20 sec Reflow) 






| 
2 
© 








SSI 32R510A/510AR 
2, 4, 6-Channel 
Read/Write Device 


RECOMMENDED OPERATION CONDITIONS 


PARAMETER | CONDITIONS ao 









DC Supply Voltage 13.2 | vDC 
| ee ee 











DC Supply Voltage 





| Head Inductance | - Lh a. 


Note: For lw = 40mA. At other Iw levels refer to Applications Information that follows this specification. 








DC CHARACTERISTICS 
(Unless otherwise specified, recommended operating conditions apply.) 


POWER SUPPLY 


PARAMETER _| CONDITIONS 
VCC Supply Current | Read/Idle Mode 


VDD Supply Current | Idle Mode 
(sum of VDD1 and VDD2) Read Mode 
Write Mode 


Power Dissipation (Tj = +125°C) Idle Mode 


Read Mode 


Write Mode, IW = 40 mA, 
| RCT=002 
Write Mode, IW = 40 mA, 
RCT = 1302 i: 
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SSI 32R510A/510AR 
2, 4, 6-Channel 
Read/Write Device 





DC CHARACTERISTICS (continued) 


DIGITAL I/O 


Tit tputtowvowge fd 
Fit input Votago | SSS*d Ct 
rit iputtowGurent | vicoav «doa 
‘ih iputhigh Curent Me2ov | 
[Yot WHS Ouputiow Volage | L=8ma | 
a 
Lo! 
zs 









IOH WUS Output High Current | VOH =5.0V_ , 





WRITE MODE . 


Center Tap Votage (VC 


Write Current Range 
Write Current Constant “K” 


Unselected Head Leakage Current eee eee a 
RDX, RDY Output Offset Voltage Write/Idle Mode a 


RDX, RDY Common Mode Write/Idle Mode 
Output Voltage 


Iwc to Head Current Gain fe 


Head Current (per side) Write Mode, O<VCC<3.7V, 
0<VDD1<8.7V 













Read or Idle Mode 
0<VCC <5.5V 
~6=0<VDD1I< 13.2V 


Input Bias Current (perside) =| Mid el 
Input Offset Voltage Read Mode -440 m 
Common Mode Output Voltage Read Mode 45 | | 65 VDC 





Head Current (per side) 
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SSI 32R510A/510AR 
2,4,6-Channel | 
Read/Write Device 





DYNAMIC CHARACTERISTICS AND TIMING . a | 7 
(Unless otherwise specified, recommended operating conditions apply, IW = 35 mA, Lh = 10 hH 
Rd = 7509, f(WDI) = 5 MHz, CUIRDX, RDY) < 20 pF.) 


WRITE MODE 


| Differential Output Capacitance —— ee 
Differential Output Resistance 10K 


READ MODE 





_ Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 
| RL(RDX), RL(RDY) = 1 KQ 
Dynamic Range DC. Input Voltage, Vi, 
| | Where Gain Falls by 10%, 
Vin=Vi+0.5mVpp — 
@ 300 KHz 





Bandwidth (-3dB) 


| Input Noise Voltage BW = 15 MHz, 
Lh=0, Rh=0 


Differential Input Capacitance 


Differential Input Resistance - 32R510A, f = 5 MHz 
7 , 4 32R510AR, f = 5 MHz 


Common Mode Rejection Ratio Vom = VCT + 100 mVpp 

7 ee a @ 5 MHz 

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 
: | VDD1, VDD2 or VCC 


Channel Separation Unselected Channels: 
Vin=100 mVpp @ 5 MHz; 
Selected Channel: — 
Vin = 0 mVpp 


Single Ended Output Resistance f=5 MHz 7 | 
Output Current - | _ | AC Coupled Load, 
RDX to RDY 
| 1-36 
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DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS TMn | NOM 
R/W To Write Delay to 90% of 
write current 


R/W to Read Delay to 90% of 100 mV 
10 MHz read signal 
envelope or to 90 % of 
write current 















CS to Select Delay to 90% of write 
current or to 90% of 
100mV 10MHz read 
signal envelope 


CS to Unselect Delay to 90% decay 
of write current 





Head Curent(th=onkRR=0m) fo 

From 50% points 

WDI has 50% duty cycle 
and 1ns rise/fall time 





HSO - HS2 to any head Delay to 90% of 100 mV 
10 MHz read signal 
envelope 


—> 


HEAD 
CURRENT 


(Ix-ly) 





FIGURE 1: Write Mode Timing Diagram 
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SSI 32R510A/510AR 
2, 4, 6-Channel 
Read/Write Device 


+5V “412V 


see Note 4 


100 pF = see Note 1 
+ RCT - 


vec VDDi VDD2  VCT 
see Note 2 
MICROPROCESSOR WUS ; 


LOGIC 
SUPPORT 


i 2K 


FILTER Fi | 
eo0 Notes SSI 32R510A 


SS/ 32P541 READ DATA PROCESSOR 


wc GND 


see Note 5 


NOTES | 
An external resistor, RCT, given by; RCT = 130 (40/lw) where Iw is the zero-peak write current in mA, can 
be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

Damping resistors not required on 32R510AR versions. | 

Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR’ed. 

The power bypassing capacitor must be located close to the 32R510A with its ground returned directly 
to device ground, with as short a path as possible. | 

To reduce ringing due to stray capacitance this resistor should be located close to the 32R510A. Where 
this is not desirable a series resistor canbe used to buffer along WC line. In multi-chip applications a single 
resistor common to all chips may be used. 





FIGURE 2: Applications Information 
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SSI 32R510A/510AR 
2, 4, 6-Channel 
Read/Write Device 








PACKAGE PIN DESIGNATIONS 













(TOP VIEW) 
es [1 HSO cs HSO cs 
GND WDI GND WDI GND 
NC VDD1 . NC VDD1 HOX 
HOX VDD2 NC VDD2 HOY 
32A510A-2 | 
HOY 32R510AR-2 14)| VCT HOX S2Rs10A-2 VCT H1X ae 
RW H1X HOY H1X H1Y 32R510AR-4 
WC H1Y NC H1Y H2x 
RDX WUS R/W WUS H2Y 
RDY VCC WC vcc R/W 
RDX RDY WC 
18-lead PDIP doy 
x 2 - = 22-lead PDIP 
$¢e@2238 os ve 
a a ol GND HS1 
HOY gj VDD1 
HOX WD! 
H1X 06 VDD2 
HOY VvDD1 
H1Y VCT 
32R510A-6 H1X VDD2 
nexus 32R510AR-6 was ae - 
1 32R510A-4 
H2Y (19 210 H5Y 3oR510AR-4 
R/V 20n H4x H2x H3X 
WC 0 11 H4Y H2Y H3Y 
17 
= I RAW NC 
Ox rf O WD > 
= eg SS 2k we Me 32R510A-6 
nae aie - 32R510AR-6 
28-lead PLCC 





24-lead Flatpack, SOL 


THERMAL CHARACTERISTICS 


7 Laas, 28-lead PDIP, 
18-lead PDIP 140 28-lead | Flatpack Flatpack, SOL 
20-lead SOL PLCC 


22-lead PDIP 





| 80 

| 65 | PDIP | 
24-lead | Flatpack | 405 | 

ps | 


SOL 
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SSI 32R510A/510AR 
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ORDERING INFORMATION 


‘SS132R510A-2P 32R510A-2P 
_ 2-Channel SOL SSI 32R510A-2L B2R510A-2L 
_ $S132R510A-4CL 32R510A-4CL 
__ SS132R510A-4F 32R510A-4F 
mas ae eee 
auaainees aaa 
SSI 32R510A-6CL 32R510A-6CL 
SSI 32R510A-6F _ 32R510A-6F 


6-Channel PLCC | SSI 32R510A-6CH 32R510A-6CH 


SSI32R510AR-2P 32R510AR-2P 

SSI 32R510AR-2L 32R510AR-2L 

SSI132R510AR-4CL 32R510AR-4CL 
: SSI 32R510AR-4F 32R510AR-4F 
SSI 32R510AR-4CP__ 32R510AR-4CP 


6-Channel PDIP SSI 32R510AR-6CP - 32R510AR-6CP _ 
6-Channel SOL SSI 32R510AR-6CL 32R510AR-6CL 
6-Channel Flatpack SSI 32R510AR-6F 32R510AR-6F 


6-Channel PLCC ~ §S132R510AR-6CH 32R510AR-6CH 














No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32R511 is a bipolar monolithic integrated 
circuit designed for use with center-tapped ferrite or 
MIG recording heads. The SSI 32R511 offers the 
performance upgrades of the SSI 32R510A, along with 
the improved pin arrangement of the SSI 32R501. It 
provides a low noise read path, write current control, 
and data protection circuitry for as many as 8 channels. 
The SSI 32R511 requires +5V and +12V power 
supplies and is available in a variety of packages. 


The SSI 32R511R performs the same function as the 
SS132R511 with the addition of internal 750Q damping 
resistors. The SSI 32R511M and SSI 32R511RM are 
functionally equivalent to the SS! 32R511 and SS! 
32R511R however, they have the mirror image pin 
arrangement to simplify layout when using multiple 





SSI 32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





July, 1989 
FEATURES 


¢ High performance 
Read mode gain = 100 V/V 
Input noise = 1.5 nV/VHz maximum 
Input capacitance = 20 pF 
Write current range = 10 mA to 40 mA 


* Enhanced system write to read recovery time 

¢ Power supply fault protection 

* Pin compatible with the SSI 32R501/501R 

* Designed for center-tapped ferrite or MIG heads 
¢ Programmable write current source 

¢ Easily multiplexed for larger systems 

¢ Includes write unsafe detection 

¢ TTL compatible control signals 





devices. 
¢ +5V,+12V power supplies 
¢ Mirror image pin arrangements 
BLOCK DIAGRAM PIN DIAGRAM 
VDD1 VCC GND WUS VDD2 VCT 


WRITE 
UNSAFE 
DETECTOR 


al 


RDX 
ROY 


WD! 


HSO 


HS1 


HS2 


WC 
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| MULTIPLEXER 





32R51 1-8/ 
32R511R-8 


8 
Channels 





32-LEAD SOW 


H7Y 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


CIRCUIT OPERATION 


The SSI32R511 gives the user the ability to address up 
to 8 center-tapped ferrite heads and provide write drive 
orread amplification. Head selection and mode control 
is accomplished using the HSn, CS and R/W inputs as 
shown in tables 1 & 2. Internal pullups are provided for 
the CS & R/W inputs to force the device into a non- 
writing condition if either control line is opened acciden- 
tally. | | ; 


TABLE 1: Mode Select 





0 = Low level 


1 = High level 


WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SSI 32R511 as a current switch and ac- 
tivates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the “X” side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor awe from pin WC to 
GND and is given by: 


lw = K/Rwe, where K = Write Current Constant 


The Write Unsafe detection circuitry monitors voltage 
transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 


° Head open . Head center tap open 
- WDI frequency too low * Device in read mode 
¢ Device not selected ¢ No write current 


Two negative transitions. on WDI, after the fault is 
corrected, will clear the WUS flag. 


To further assure data secu ritya voltage fault detection 
circuit prevents application of write current during 
power loss or power sequencing. 


To enhance write to read recovery time the change in 
RDX, RDY common mode voltage is minimized by 


biasing these outputs to a level within the read mode 


range when in write mode. 


Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 120Q x 40 /Iw (lw in mA). At 
low write currents (<15 mA) read mode dissipation is 
higher than. write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 


READ MODE 


Taking CS low and R/W high selects read mode which 
configures the SSI 32R511 as a low noise differential 
amplifier for the selected head. The RDX and RDY 
outputs are driven by emitter followers and are in phase 
with the “X” and “Y” head ports. These outputs should 
be AC coupled to the load. The internal write current 


source is gated off in read mode eliminating the need 


for any external gating. 


Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the “X” 
side of the head at a subsequent write mode selection. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR’ed and the write current 


programming resistor to be common to all devices. . 
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PIN DESCRIPTIONS 










DESCRIPTION 


Head Select 













_HS0-HS2— 








Chip Select: a low level enables device 
Read/Write: a high level selects read mode 


cs 
Write Unsafe: a high level indicates an unsafe writing condition 
Write Data In: negative transition toggles direction of head current 
WC : i i 
CT : 
CC | 
ND 





HOX-H7X 1/0 X,Y head connections 
HOY-H7Y 


fee Nd 
Od 
ee 
|RDX,RDY | OF | X, Y Read Data: differential read signal out 
|| Wate current: used'o set the magnitude ofthe wite curent 
/ =| Wotage center Tap: votage source forheadentertap 
2 tee 
ae Eee 
-vooe | ___- _| Postve power supply forthe center tap votlage source 
penn | fund 


“When more than one R/W device is used, these signals can be wire OR’ed. 





ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 


PARAMETER VALUE UNITS | 


Fc supply Votage——=~=*~=«wo | atovte «dS SSSSC@d 
V 
V 






DC Supply Voltage vec 
Digital Input Voltage Range VIN -0.3 to VCC + 0.3 
VH 
lw 
lo 






[Wie Curent ZeroPeak Wt SSOSSSC*dS mS 
vet Output Current Ser | SSC 8OSS*~<‘“dSSCS 
215 





Storage Temperature Range Tstg -65 to 150 
Lead Temperature PDIP, Flat Pack 
(10 sec Soldering) °C 

Package Temperature PLCC, SO 

(20 sec Reflow) °C 
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SSI 32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


RECOMMENDED OPERATION CONDITIONS 







PARAMETER 





wai wai "tae 
DC Supply Voltage vec ae Fs 
Head Inductance Lh ae ra 
Damping Resistor RD 
RCT Resistor RCT* 
| Write Current IW ae se 


Junction Temperature Range Tj ire : ie 


*For lw = 40 mA. At other Iw levels refer to Applications Information that follows this specification. 


DC CHARACTERISTICS | 
(Unless otherwise specified, recommended operating conditions apply.) 


POWER SUPPLY 


PARAMETER CONDITIONS 

| VCC Supply Current Read/Idle Mode 
VDD Supply Current Idle Mode 
(sum of VDD1 and VDD2) Read Mode | 


Write Mode 


Power Dissipation (Tj = +125°C) Idle Mode 
| | Read Mode 


Write Mode, IW = 40 mA, 
RCT = 0Q 


Write Mode, IW=40mA, | _ 
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SSI 32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





DC CHARACTERISTICS (continued) 


DIGITAL I/O 


PARAMETER CONDITIONS 
ViL__ Input Low Vottage ane 









IL 


Input Low Current VIL = 0.8V -0.4 





II ; 
T | 


WRITE MODE 


Center Tap Voltage VCT | Write Mode 


Head Current (per side) Write Mode, | 
0< VCC <3.7V, 
0<VDD1 <8.7V 








L | 0.4 
|W input High Current. =| IH =20V00 | 
e - a 
— 

ind 











Write Current Range po 
2.625 
FiwctoHeadCurentGan | STS cg | | mma 
| UnselectedHead Leakage Current [| 
+20 
sarge [meme | fe 
Output Voltage 

| Write/Idle Mode 















Read or Idle Mode 
0< VCC <5.5V 
0< VDD1 < 13.2V 


Head Current (per side) 















Input Bias Current (per side) 


Input Offset Voltage Read Mode 
Common Mode Output Voltage Read Mode 
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SSI 32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING “2. & 2%: 7 
(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 10 pH, 
Rd = 750Q 32R511 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) | : 


‘CONDITIONS 


WRITEMODE = 


[Paamcren 
[Differential Head Voltage Swing | 
| Unselected Head Transient Current | 
| Differential Output Capacitance | 













READ MODE 





Vin = 1 mVpp @ 300 kHz, 
RL(RDX), RL(RDY) 
=1KQ — 
DC Input Voltage, Vi, 
Where Gain Falls 

by 10%. Vin = Vi+ 
0.5 mVpp @ 300 kHz 


Bandwidth (-3dB) [Zs| < 5Q, Vin = 1 mVpp 


| Differential Voltage Gain 



















Dynamic Range 






Input Noise Voltage BW = 15 MHz, 
Lh=0, Rh=0 
Differential Input Capacitance 


Differential Input Resistance 32R511, f = 5 MHz 
Differential Input Resistance 32R511R, f = 5 MHz 


Common Mode Rejection Ratio =| Vom = VCT +100 mVpp 
| @ 5 MHz | 
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 
| | VDD1, VDD2 or VCC 


Channel Separation Unselected Channels: 

. Vin=100 mVpp @ 5 MHz; 
Selected Channel: 
Vin = 0 mVpp 


Single Ended Output Resistance | f=5 MHz 


Output Current AC Coupled Load, +2.4 | : 
RDX to RDY 
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DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 
R/W To Write Delay to 90% of 1.0 Ls 
Write Current 


R/W to Read Delay to 90% of 
100 mV, 10 MHz Read 
CS to Select 


Signal Envelope or 
to 90% decay of 
CS to Unselect 


















Write Current 


Delay to 90% of Write 
Current or to 90% of 

100 mV, 10 MHz Read 
Signal Envelope 




















Delay to 90% Decay 
of Write Current 


| Delay to 90% of 100 mV, 


HSO - HS2 to any head 
10 MHz Read Signal 
Envelope 


Wu, Unite Sate-r0e | weosma 
Head Curent (n=our.en=0 | 
ian 



























Asymmetry WDI has 50% Duty Cycle 
| | | and ins Rise/Fall Time 
Rise/Fall Time 10% - 90% Points 









FIGURE 1: Write Mode Timing Diagram 
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SSI 32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


see Note 4 


VDD1 VDD2. = VCT 


| | | | see Note 2 
MICROPROCESSOR HOX 


LOGIC 
SUPPORT 


FILTER a 
: eee ores SSI 32R511 


SSI 32P541 READ DATA PROCESSOR 


| NOTES 


An external resistor, RCT, given by; RCT = 120 (40/lw) where Iw is the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect eee to VDD1. 

Damping resistors not required on 32R511R versions. 

Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application 
these outputs can be wire-OR’ed. 

The power bypassing capacitor must be located close to the 32R511 with its anne returned directly 
to device ground, with as short a path as possible. 

To reduce ringing due to stray capacitance this resistor should be located close to the 32R511. Where 


this is not desirable a series resistor can be used to buffer a long WC line. In multi-chip applications | 


a single resistor common to all chips may be used. 


FIGURE 2: Applications Information 
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SSI 32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





PACKAGE PIN DESIGNATIONS (Top View) 












Hox [] 1 GND 28 [] Hox 
Hoy [| 2 N/C HOY = x 
H1X [] 3 Cs H1X Q = Z 3 a S i 
H1Y [] 4 RW H1Y Se 
H2X |} 5 wc H2X HS2 H5X 
H2Y [] 6 RDY H2Y HS1 H4Y 
H3x |] 7 Repistaiek RDX H3X HSO H4X 
H3Y [} 8 peer HSO H3Y RDX sacl ee BY 
H4x [] 9 HS1 H4X ay say 
H4Y || 10 HS2 H4Y 
WC H2Y 
HSX | | 11 Vcc H5X 
| RW H2X 
H5Y [] 12 r] wo! HS5Y 37 ae a 
vet [] 13 16 {] wus VCT 9 . 
vbb2 [| 14 15 [] voo1 vbb2 os x Qk <x 
28-Lead PLCC 
28-Lead SOL 28-Lead SOL 
Mirror Image 
GND GND HOX N/C 
N/C NIC HOY cs 
ts cs H1X RW 
RW RW H1Y wc 
WC wc H2x RDY 
RDY RDY H2Y Fie ih RDX 
RDX RDX H3X hee HSO 
Channels Bd li channels 24 [] H4X ree 
HS2 HS2 23 {] H4Y WD! 
VCC VCC 22 [] H5X WUS 
WDI WDI 21 [] H5Y VDD1 
wus wus 20 |] Hex 
VDD1 vp01 19 |] Hey 24-Lead SOL 
vob2 vDD2 18 {] H7X 
VCT vet [] 17 1] H7Y 





32-Lead Flatpack, SOW 32-Lead SOW 
Mirror Image 
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-§SSI32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





PACKAGE PIN DESIGNATIONS (Continued) 


Hox [] 1 40 [] GND . 
aaa = A 
Hoy{}J2  . 39 {J NC Seo og ABER K Q 
Moe 2 . zei2z22a2a> > 3°22 x= 2 
nrc [| 3 88 [] we moo oe =. 
NC [] 4 ~ 37 1] NC WUS N/C 
| HiX [] 5 36 |] cS 7 WDI HeY 
H1Y || 6 35 || RW VCC H6X 
H2x || 7 34 [| WC | . HS2 HEY 





Hey [1s - 33 T) RDY | : | | 
i HS1 0 32R511-8/32R511R-8 | bey 


— H3X [} 9 — 32R511-8/ 32 [] RDX 7 H4Y 
32R511R-8 . Biss ~ 8 Channels oS pa 
H3yY [| 10 8 31 [| HSO t. «8 RDX H4X 
Channels cA 4 
H4x [| 11 30 |] HS1 ; RDY. H3Y | 


Hay [J 120 29 {] Hs2 WC H3X 


H2Y 





H5x [] 13 28 [] vec RW 
H5Y [] 14 27 {] wo! N/C H2X 
: 40 49 44 1 2 3 4 5 6 
Hex |] 15 26 [] wus oo a 
0 OM © Ax r+ OO XK > 
H6Y || 16 25 || N/C > > 8 > z SSss EE 
Nc [| 17 NC 
gic 4 Od 44-Lead PLCC 


H7X |] 19 22 || vDD2 


H7Y [] 20 21 [] vcT 


40-Lead PDIP . 


THERMAL CHARACTERISTICS: ja 


pe oon 


PLCC 65°C/W 


psou__| oro 


32-lead are 60°C/W 
55°C/W 


40-lead -_ 45°CW 
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8-Channel SOW SSI 32R511M-8CW 32R511M-8CW 


SSI 32R511/511R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. /PKG.MARK 


SSI 32R511 
4-Channel SOL 
8-Channel PDIP 32R511-8CP 


| 8-Channel PLCC SSI 32R511-8CH 32R511-8CH 
SSI 32R511R 


2R511R-4CL 
SSI32R511R-8CH 32R511R-8CH 


SSI 32R511M 


6-Channel SOL SSI 32R511M-6CL 32R511M-6CL 



















SSI 32R511-4CL 























SSI 32R511RM 


6-Channel SOL SSI 32R511RM-6CL 32R511RM6CL 
8-Channel SOW SSI 32R511RM-8CW 32R511RM-8CW 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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silicon vs 


The SSI 32R5111 is a bipolar monolithic integrated 
circuit designed for use with center-tapped ferrite or 
MIG recording heads. The SS! 32R5111 offers the 


performance upgrades of the SSI 32R511, along with: 


increased read gain. It provides a low noise read path, 
write current control, and data protection circuitry for 
as many as 8 channels. The SSI 32R5111 requires 
+5V and +12V power supplies and is available in a 
variety of packages. 


The SSI 32R5111R performs the same function as the 
SSI 32R5111 with the addition of internal 750 Q 
damping resistors. The SSI 32R5111M and SSI 
32R5111RM are functionally equivalent to the SSI 
32R5111 and SS! 32R5111R however, they have the 
mirror image pin arrangement to simplify layout when 
using multiple devices. 


BLOCK DIAGRAM 


VDD1 VCC GND WUS 


VDD2 VCT 


WRITE CENTER 
|] UNSAFE |: TAP 
| DETECTOR |” DRIVER 


MULTIPLEXER 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





July, 1989 
FEATURES 


¢ High performance 


Read mode gain = 150 V/V 

Input noise = 1.5 nV/VHz maximum 
Input Capacitance = 20 pF 

Write current range = 10 mA to 40 mA 


e Enhanced system write to read recovery 
time 

¢ Power supply fault protection 

¢ Pin compatible with the SSI 32R501/32R511 


e Designed for center-tapped ferrite or 
MIG heads 
¢ Programmable write current source 


¢ Easily multiplexed for larger systems 
¢ Includes write unsafe detection 

¢ TTL compatible control signals 

e +5V, +12V power supplies 

¢ Mirror image pin arrangements 





PIN DIAGRAM 


Hox |} 1 32 [] GND 
HOY || 2 31 |} NC 
Hix [| 3 30 [] CS 






Heyl) s 32R5111R-8 


8 
H4x [] 9 Chamels 24 |] HS1 
H4y [] 10 23 [] Hs2 
H5X | | 22 {| VCC 
HS5Y | | 21 || WD! 


Hex [] 20 [] wus 
Hey [] 19 [] voo1 
H7x [] 18 [] vob2. 


17 [] vet 


32-LEAD SOW 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


‘SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R5111 gives the user the ability to address 
up to 8 center-tapped ferrite heads and provide write 
drive or read amplification. Head selection and mode 
control is accomplished using the HSn, CS and R/W 
inputs as shown in tables 1 & 2. Internal pullups are 
provided for the CS & R/W inputs to force the device 
into a non-writing condition if either control line is 
opened accidentally. 


TABLE 1: Mode Select 





O= how level 1 = High level 


WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SSI 32R5111 as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. 
Write currentis toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the “X” side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor Rwc from pin WC to 
GND and is given by: 


lw = K/Rwc, where K = Write Current Constant 
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° Head open 


_ mended, may not be considered necessary. 


The Write Unsafe detection circuitry monitors voltage 


transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 


.'« Head center tap open 
- WDI frequency too low + Device in read mode 
° Device not selected ° No. write current 


Two negative transitions on WDI, after the fault is 
corrected, will clear the WUS flag. 


To further assure data security a fia fault detection 
circuit prevents application of write current during 
power loss orf power sequencing: 


-TO enhance write to read recovery. time the change i in 


RDX, RDY common mode voltage is minimized by 


biasing these outputs to a level within the pee mode 


range when in write mode. 


Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 120Q x 40 /Iw (Iwin mA). At 
low write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
In this 
case VDD2 is connected directly to VDD1. 


READ MODE | 
Taking CS low and R/W high selects read mode which 


configures the SSI 32R5111 as alow noise differential 


amplifier for the selected head. The RDX and RDY 
outputs are driven by emitterfollowers and are in phase 
with the “X” and “Y” head ports. These outputs should 
be AC coupled to the load. The internal write current 


source is gated off in read mode eliminating the need 


for any external gating. 


Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the “X” 


side of the head at a subsequent write mode selection. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 


facilitates multi-device installations by allowing the 
read outputs to be wire OR’ed and the write current 


programming resistor to be common to all devices. 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





PIN DESCRIPTIONS 














DESCRIPTION 
Head Select 


Chip Select: a low level enables device 


Read/Write: a high level selects read mode 
Write Unsafe: a high level indicates an unsafe writing condition 


Write Data In: negative transition toggles direction of head current 











HS0-HS2 
cS | 
R 


/ 
W 
W 


Ww 
US 
DI 
Cc 
T 
C 












X,Y head connections 







HOY-H7Y 
RDX, RDY 
W 
VC 
C 


X, Y Read Data: differential read signal out 
Write Current: used to set the magnitude of the write current 
Voltage Center Tap: voltage source for head center tap 

V +5V 


VDD1 +12V 


VDD2 he Positive power supply for the center tap voltage source 


“When more than one R/W device is used, these signals can be wire OR’ed. 














ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 


PARAMETER VALUE UNITS 
DC Supply Voltage VDD1 oh 


V 

DC Supply Voltage VDD2 -0.3 to +14 VDC 

aceite voc voc 

Digital Input Voltage Range V -0.3 to VCC + 0.3 VDC 
V 








Head Port Voltage Range -0.3 to VDD1 + 0.3 VDC 
V 


IN 
H 
WUS Pin Voltage Range Vwus -0.3 to +14 DC 
Write Current Zero Peak IW 

lo 


RDX, RDy Output Current 


A 


m 
mA 
mA 
WUS Output Current lwus +12 mA 


VCT Output Current IlvctT 


Storage Temperature Range Tstg -65 to 150 : 


0 
Lead Temperature PDIP, Flat Pack 
Package Temperature PLCC, SO 
(20 sec Reflow) 215 


(10 sec Soldering) | °C 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





RECOMMENDED OPERATION CONDITIONS 


CONDITIONS 
Cs 
~ 500 
25 


PARAMETER 


DC Supply Voltage _~VbDD1 


Head Inductance | 


DC Supply Voltage | VC 
R 


C 
Lh 
Damping Resistor D 5 


-32R5111 only ) 500 
RCT Resistor RCT* | w=40mA 120 
ite Caren Ww ir 


Junction Temperature Range Tj + 





| *For lw = 40 mA. At other lw levels refer to Applications Information that follows this specification. 


DC CHARACTERISTICS 
(Unless otherwise specified, recommended operating conditions apply.) 


POWER SUPPLY 


PARAMETER MIN 
VCC Supply Current 
VDD Supply Current 
(sum of VDD1 and VDD2) 


Power Dissipation (Tj = +125°C) Idle Mode | 


Read Mode 


Write Mode, IW = 40 mA, 
RCT = 00 


Write Mode, IW = 40 mA, 
RCT = 1200 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





DC CHARACTERISTICS (continued) 


DIGITAL 1/O 


PARAMETER CONDITIONS 


VIL Input Low Voltage 


HL Input Low Current = 

NH Input High Current fVIH=20V =—is| 

VOL WUSOutputLowVoltage | 10L=8mA | | 

IOH WUS Output High Current }VOH=5.0V = | 
ie 





WRITE MODE 


Write Mode, 
0< VCC <3.7V, 
0< VDD1 <8.7V 


Write/Idle Mode 
Write/Idle Mode 


RDX, RDY = 6V -100 
Write/Idle Mode 








Head Current (per side) Read or Idle Mode 
0<VCC <5.5V 
0< VDD1 < 13.2V 


Input Offset Voltage Read Mode 
Common Mode Output Voltage Read Mode | 


Input Bias Current (per side) 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG | 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING | Se wal? be 
(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 10 uH, 


Rd = 750Q 32R516 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) 
PARAMETER | | CONDITIONS 
Differential Head Voltage Swing 


Unselected Head Transient Current i ae 
Differential Output Capacitance eee 


Differential Output Resistance 32R5111 | 
32R5111R 
_WDI Transition Frequency WUS = low | 125 


_ READ MODE 
















7.0 


aa 
— 
| 600 _| 


_ WRITE MODE ey 


Vin = 1 mVpp @ 300 kHz, 
RL(RDX), RL(RDY) 
=1KQ a 
DC Input Voltage, Vi, 
Where Gain Falls 
by 10%. Vin = Vi+ 
0.5 mVpp @ 300 kHz 


Bandwidth (-3dB) _ Zs] <5Q,Vin=1mVpp | 30 | 


Input Noise Voltage ‘BW = 15 MHz, 
Lh=0,Rh=0 | 

Differential Input Capacitance | f=5MHz ~ | 

Differential Input Resistance 32R516, f= 5 MHz 

Differential Input Resistance 32R516R, f = 5 MHz 

Common Mode Rejection Ratio Vem = VCT + 100 mVpp 

| @ 5 MHz 

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 

| VDD1, VDD2 or VCC 


Channel Separation Unselected Channels: . ~ 
Vin=100 mVpp @ 5.MHz;, 

Selected Channel: ) 

Vin = 0 mVpp 


Single Ended Output Resistance | f=5 MHz 


Output Current AC Coupled Load, 42.1 [°° | mA 
RDX to RDY | 





Differential Voltage Gain 









Dynamic Range 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS 
R/W To Write Delay to 90% of 
Write Current 


R/W to Read Delay to 90% of 
100 mV, 10 MHz Read 
Signal Envelope or 
| to 90% decay of 
Write Current 


CS to Select Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 


CS to Unselect Delay to 90% Decay 
| of Write Current 


HSO - HS2 to any head Delay to 90% of 100 mV, 
10 MHz Read Signal 


UNITS 










Bed 


c 


c 










: = 
77) 


Envelope 


[ wus, UnsatoteSafe-T02 | M=35ma 

FHead Curent th=OuH.Ah=00) | 

WDI has 50% Duty Cycle 
and ins Rise/Fall Time 





= 
n 


= 
al all lel e) & ; : : 


—_, 


— 








FIGURE 1: Write Mode Timing Diagram 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


see Note 4 ; c.f 
100 pF see Note 1 


vcc VDD1 VDD2 VCT 


see Note 2 
MICROPROCESSOR WUS 


LOGIC 
‘ SUPPORT 


FILTER 7] 


3 
ecole SSI 32R5111 


SSI 32P541 READ DATA PROCESSOR 


Ez 
o 
re 
aaa 
i" 
ES 


NOTES 


An external resistor, RCT, given iby: RCT = = 120 (40/Iw) where Iw is the zero-peak write current i in nmA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

Damping resistors not required on 32R5111R versions. 

Limit DC current from RDX and RDY to 100 HA and load capacitance to 20 pF. In multi- -chip application 
these outputs can be wire-OR’ed. | 
The power bypassing capacitor must be located close to the 32R5111 with its ground returned directly 
to device ground, with as short a path as possible. | 
To reduce ringing due to stray capacitance this resistor should be iecaied close to the 32R5111. Where 
this is not desirable a series resistor can be used to buffer a long WC line. ‘In multi-chip applications 
a sek resistor common to all chips may be used. 





FIGURE 2: Applications Information 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





PACKAGE PIN DESIGNATIONS (Top View) 








GND HOX 
N/C HOY rr 
Oo = ® &@ ak > 
QO D © fe) 
Hix os & 2 2 ss 
RW H1Y ( Cc Cc om = Cc cy 
WC H2X HS2 H5X 
23 [] RDY H2Y HS1 Hay 
SoaRe Nice 32R5111M-6/ 
-6/ 22 [] RDX 32R5111RM-6 H3X 
32R5111R-6 6 HSO H4Xx 
6 21 |] HSO Channels H3Y 32R5111-6/32R5111R-6 
wanes ADE 6 Channels H3Y 
20 [] HS1 H4X 
RDY H3X 
19 [] HS2 H4Y 
WC H2Y 
18 |] vcc H5X 
RW H2x 
vee) ae 27 1 2 3 4 
= Oo. a2 a ae Se 
Asg& 8 % 3 
15 || VDD1 VDD2 oO < 
28-Lead PLCC 
28-Lead SOL 
Mirror Image 
P] GND HOX A we 
|] NVC HOY || cs 
| cs H1X RW 
|] RAW H1Y WC 
WC 28 [] Hax RDY 
32R5111-4/ 
= ner gersi1in-4 '9 LI) ROX 
4 
Ben H3X Channels 18 |} HSO 
32R5111-8/ 32R5111M-8/ 
92R5111A-8 on 32R5111RM-8 H3Y 17 |] Hs1 
8 8 
Channels HS1 Channels H4X 16 VCC 
HS2 H4Y 15 7] WDi 
VCC H5X 14 7] wus 
WD! H5Y 13 [|] VoOD1 
WUS H6X 
voD1 Hey 24-Lead SOL 
VDD2 H7X 
VCT H7Y 





32-Lead SOW 32-Lead SOW 
Mirror Image 


0789 oe 


SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 


PACKAGE PIN DESIGNATIONS (Continued) 






32R5111-8/ 
ae 4  sonsitine.” H ROX 


8 
Channels 


34-Lead SOL 
5D OK > x 
0020 0 OY , 2) 
>see 23392 ESE8E S 


32R5111-8/32R5111R-8 
8 Channels 


iQ O 
iO 2 


N/C ¢ 

N/C f 

HOX 9 = 
HOY 9 » 
NIC J «a 
H1iX Ja 
H1Y Jo 


Qa 
=z 
o 


44-Lead PLCC 


N/C 
H6Y 
H6X 
H5Y 
H5X 
H4yY 
H4X 
H3Y 
H3X 
H2Y 
H2X 
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34 1] HOX 
33 [] HOY 
32 {] Hix 
31 [] H1Y 
30 [] Hex 
20 [] H2Y 
28 [] H3Xx 
27 || H3Y 
Tr} H4ax 
Hay 
HSX 
7] HSY 
] Hex 
r] Hey 
|] 7x 
r] H7¥ 





|| VCT 


34-Lead SOL 
Mirror Image 


THERMAL CHARACTERISTICS: ja 
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SSI 32R5111/5111R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 












SSI 32R5111 
SSI 32R5111M 
6-Channel SOL SSI 32R5111M-6CL 32R5111M-6CL 


8-Channel SOW SSI 32R5111M-8CW 32R5111M-8CW 


8-Channel SOL SSI 32R5111M-8CL 32R5111M-8CL 
SSI 32R5111RM 

6-Channel SOL SSI 32R5111RM-6CL 32R5111RM-6CL 

8-Channel SOW SSI 32R5111RM-8CW 32R5111RM-8CW 

8-Channel SOL SSI 32R5111RM-8CL 32R5111RM-8CL 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SSI 32R512/512R 
‘Ly ® 8 & 9-Channel Thin Film 
Jl ref Read/Write Device 


July, 1989 

_ DESCRIPTION FEATURES 

The SSI 32R512/512R Read/Write devices are bipolar ° High performance: 

monolithic integrated circuits designed for use with Read mode gain = 150 V/V 

two terminal thin film recording heads. They provide a Input nolse = 0.85 nV/VHz max 

low noise read amplifier, write current control and data Input capacitance = 35 pF mai 

protection circuitry for eight or nine channels. Power Write current range = 10 mA to 40 mA 

supply fault protection is provided by disabling the write Head voltage swing = 7 Vpp 

current generator during power sequencing. System Write current rise time = 9 nsec 


write to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. They require+5V and ° Power supply fault protection 

+12V power supplies and are available in avariety of , Plug compatible to the SSI 32R501 & SSI 32R511 
package configurations. A mirror image pinout option 

is available to simplify flex circuit layout in multiple R/W = ° Compatible with two & three terminal thin film heads 
device applications. The SSI 32R512R option pro- ¢ write unsafe detection 

vides internal 1000Q damping resistors. 


* Enhanced system write to read recovery time 


¢ +5V, +12V power supplies 
¢ Mirror image pinout option 





BLOCK DIAGRAM PIN DIAGRAM 


VDD1 VCC GND WUS VDD2 


oes : HOY 
WRITE 
| DETECTOR 
L+—_,— ; H1Y 
H2X 


H2Y 


H3X 
MULTIPLEXER H3Y 


o On DO MO F&F WO PH — 
o ON OO ON fF © NM — 


H4x 
H4Y 
H5X 
H5Y 
. H6X 
H6Y 
H7X 
H7Y 


10 





32-LEAD SOW, 32-LEAD SOW 
FLATPACK MIRROR 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R512 addresses up to nine two-terminal 
thin film heads providing write drive or read amplifica- 
tion. Head selection and mode controlis accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into anon-writing condition if either 
control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32R512 as a 

current switch and activates the Write Unsafe (WUS) 

detection circuitry. Write current is toggled between 

the X and Y direction of the selected head on each high 
to low tanstion: on pin WDI, Write Data Input. 


A preceding read operation initializes the Write Data 


Flip Flop (WDFF) to pass write current” in the X- 


direction of the head. 


The magnitude of the write current (0- pk) given by 
lw =_VWC_ 
RWC 
where Vwc (WC pin voltage) = 1.65V + 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 


Ix,y = WwW 
—14RWRd 
where: 
-Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


* Power supply fault protection improves data security. 


by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 


collector output pin, WUS. Two negative transitionson 
pin WDI, after the fault is corrected, are requis to ' 


clear the WUS flag. 


- WDI frequency too low 
¢ Device not selected ¢ No write current 

Power dissipation in Write Mode may be reduced by 
placing a resistor, Rw, between VDD1 and VDD2. The 


e Device in read mode | 


0 = Low level 
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resistor value should be chosen such that lw Rw $3.0V 
for an accompanying reduction of (Iw)? Rw in power 


dissipation. If a resistor is not used, VDD2 should be | 


connected to VDD1. Note that Rw will also provide 
current nes in be event ofa head short. 


READ MODE 


The read mode contigures the ssi 32R512 : as a low 


noise differential amplifier and deactivates the write . 


current generator and write unsafe detection circuitry. 


The RDX and RDY outputs are emitter followers and 


are in phase with the "X" and "Y" head ports. These 


~ outputs should be AC coupled to the load. The RDX, 


RDY common mode voltage is maintained in the write 


mode,. minimizing the transient between write mode | 


and read mode, substantially reducing the write to read 
recovery time in the etbsenue mt Pulse Detection Cir- 
Ccuitry. 


_ IDLE MODE 


The idle mode deactivates the internal write current 


generator, the write unsafe detector and switches the 


RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


TABLE 1: Mode Select | 





1 = High level 
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| PARAMETER 


Storage Temperature -65 to +150 


SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 





PIN DESCRIPTIONS 


Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 


HOX - H8X 
HOY - H8Y 


RDX, RDY 
WC 





“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 









Fr 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


RECOMMENDED OPERATING CONDITIONS 













PARAMETER SYMBOL | ~~ ~VALUE- UNITS 
DC Supply Voltage | VDD1 12+ 10% | voce | 


| | 5+ 10% | VDC 
Operating Temperature | Tj +25 to +135 


DC CHARACTERISTICS | 
Unless otherwise specified, recommended operating conditions apply. 


PARAMETER CONDITIONS 


VDD1 Supply Current 

| | 

| 

VDD2 Supply Current 

| 

| 
VCC Supply Current 


Power Dissipation (Tj = +135°C) Read Mode 
Write Mode: lw = 40 mA, — 
VDD1 - VDD2 = 3.0V 


+ VDC 
+ VDC 
- 





Write Mode: lw = 20 mA 
VDD2 = VDD1 
Idle Mode 


[InputLow Voltage (VL) | 
| InputHigh Voltage (VIH) | 


WUS Output Low Voltage (VOL) lol=8 mA 
VDD Fault Voltage ae 


Head Current (HnX, HnY) Write Mode, 0<VCC <3.5V 
O<VDD1 <8.5V | 
Read/Idle Mode 
O<VCC <5.5V 
0<VDD1 <13.2V 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 





WRITE CHARACTERISTICS , 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh= 1.0 WH, Rh = 30Q 
and f(WDI) = 5 MHz. 






PARAMETER CONDITIONS | NOM UNITS 
WC Pin Voltage (Vwc) 
V 
mA 


po | festsref = | 
Differential Head Voltage Swing 7}; =} “_ 
Unselected Head Current ray ee 
Differential Output Capacitance ee : Ce eee 25 pF 
Differential Output Resistance 800 1000 1350 Q 

sO 
WD! Transition Frequency ae ae ee 

















aS 
A 


awk, 
ba | 








READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and 
RL (RDX,RDY) = 1KQ. | : 


PARAMETER CONDITIONS 
Differential Voltage Gain Vin=1mVpp @ 300 kHz 


Bandwidth [Zs|<5Q, Vin=1 mVpp @ 300 KHz 
-30B 


-|Zs|<5Q, Vin=1 mVpp @ 300 KHz 
Input Noise Voltage 


BW = 15 MHz, Lh=0, Rh=0 




























Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz pF 
Differential Input 32R512R | Vin=1mVpp, f = 5 MHz 









Resistance 32R512 | Vin=1mVpp, f =5 MHz 


Dynamic Range DC input voltage where gain 


bad 
wee 
Ed 
falls to 90% of its 0 VDC value, 
Vin = VDC +0.5 mVpp, f = 5 MHz 
aa 
Power Supply Rejection Ratio a5 i 
100 mVpp @ 5 MHz on VCC 
— 
eed 

















Unselected channels driven 
with 100 mVpp @ 5 MHz, | 
Vin = 0 mVpp 


| Output Offset Voltage | 
2 | 29 | 3.6| voc 
Output Voltage | | 

AC Coupled Load, RDX to RDY 





Channel Separation 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 


S5SWITCHING CHARACTERISTICS (See Figure 1) | | | | 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh=1.0 WH, Rh = 300 
and f(WDI) = 5 MHz. | 












Delay to 90% of 100mMV 10MHz 
Read signal envelope or to 90% 
decay of write current 


Delay to 90% of write current or to - | Us 
90% of 100mV 10MHz Read ~ 
signal envelope 


Delay to 90% of write current | ee ee eee 


HSO, 1, 2 to any Head Delay to90% of 100mMV TOMHz |[~ - 
Read signal envelope bs 


wus | a 

|___Satetounsafe-TO1 | ( st—“‘wL:CST | os 

| ae ee 
a ee 


Head Current | 7 | 
LA 
























S to Select 









GS to Unselect 



















Prop. Delay - TD3 | From 50 % points, Lh=Ouh, Rh=0Q 
Asymmetry | WDI has 50 % duty cycle and 

| — | 1ns rise/fall time, Lh=Ouh, Rh=0Q 
Rise/Fall Time 10% - 90% points, Lh=Ouh, Rh=00 Le 





<— TD2 aa 


WUS 


—_> TD3 


HEAD 
CURRENT 
( Ix- ly) 





FIGURE 1: Write Mode Timing Diagram 
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SSI 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 





APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


0.70 0.85 
Differential Input Resistance (Min.) 
1500 0 


Differential Input Capacitance (Max.) ee ee 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


| UNITS 
Differential Input Resistance (Min.) 








































Ts 
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SSI 32R512/512R 


8 & 9-Channel Thin Film 
Read/Write Device 


PACKAGE PIN DESIGNATIONS (Top View) 


HOX | 


HOY 
H1X 
H1Y 
H2x 
H2Y 

~H3X 
H3Y 
H4X 
H4Y 
H5X 
HS5Y 
H6X 
H6Y 
H7X 
H7Y 





‘ 
3 
F 
5 
6 
7 
8 
9 


_ 8-Channel — 
32-Lead SOW 


9-Channel 
34-Lead SOL 
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RDY 
RDX 
HSO 
HS1 
HS2 
VCC 
WDI 
WUS 
VDD1 
VDD2 
N/C 


LJ 
—_ 


2 
3 
4 
5 
6 
7 
8 
9 


8-Channel 





32-Lead SOW | 


Mirror 





9-Channel 
34-Lead SOL 
Mirror 


HOX 
HOY 
H1X 
HtY 
H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 
N/C 
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SSI] 32R512/512R 
8 & 9-Channel Thin Film 
Read/Write Device 








THERMAL CHARACTERISTICS: Oja 


32-Lead SOW 55°C/W 
34-Lead SOL 60°C/W 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. |PKG.MARK 


SSI 32R512 Read/Write IC | 
32R512-80W 
32R512-9CL 

SSI 32R512R with Internal Damping Resistor 


SSI 32R512M Mirror Image | 


8-Channel SOW SS1 32R512M-8CW 32R512M-8CW 
9-Channel SOL SSI 32R512M-9CL 32R512M-9CL | 


SSI 32R512RM Mirror Image with Damping Resistor 


8-Channel SOW SSI 32R512RM-8CW 32R512RM-8CW 
9-Channel SOL SSI 32R512RM-9CL 32R512RM-9CL 
















No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32R514/514R Read/Write devices are bipolar 
monolithic integrated circuits designed for use with 
center-tapped ferrite recording heads. They provide a 
low noise read amplifier, write current control and data 
protection circuitry for as many as six channels. The 
SSI 32R514R option provides internal 750Q damping 
resistors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 
The SSI 32R514 is available in a variety of package 
and channel configurations. | 





icon ews 


SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 





July, 1989 
FEATURES 


¢ High performance: 
- Read mode gain = 150 V/V 
- Input noise = 1.5 nV/VHz max. | 
- Input Capacitance = 20 pF max. 
- Write current range = 10 mA to 40 mA 
¢ Enhanced system write to read recovery time 
¢ Power supply fault protection 
¢ Plug compatible to the SSI 32R117 & SSI 32R510A 
* Designed for center-tapped ferrite heads 
¢ Programmable write current source 
* Write unsafe detection 
¢ TTL compatible control signals 
° +5V, +12V power supplies 





BLOCK DIAGRAM 


vD01 vcc GND WUS 


Wwol 


| VOLTAGE 
| FAULT 
| DETECTOR 


0789 
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VDD2 VCT 


| MULTIPLEXER 


HX 
] H3Y 
H4X 
Hay 
H5X 


H5Y 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R514/514R 


2, 4, 6-Channel 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R514 addresses up to six center-tapped 
ferrite heads providing write drive or read amplification. 
Head selection and mode control is accomplished with 
pins HSn, CS, and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and RW, 
will force the device into a non-writing condition if either 
control line is opened accidentally. | 


TABLE 1: Mode Select 








~Q=Lowlevel 1=Highlevel X=Don't care 


WRITE MODE | 


The write mode configures the ssi 32R514 as a 
Current switch and activates the Write Unsafe (WUS) 


detection circuitry. Write current is toggled between 


the X and Y side of the selected head on each high to 
low transition of the Write Data Input (WDI). 


The magnitude of the write current (0-pk) is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground and is given by: - | 
w= __K | 
RWC 


where K is the Write Current Constant. In multiple | 


device applications, a single RWC resistor may be 
made common to all devices. | 


Power supply fault protection improves data security — 


by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry monitors voltage tran- 
sitions at the selected head connections and flags any 
of the conditions listed below as a high level on the 
open collector output pin, WUS. Two negative transi- 
tions on pin WDI, after the fault is corrected, are 
required to clear the WUS flag. = | 


° Head open _ : Head center tap open 
¢ WDI frequency too low» Device in read mode 
* Device not selected =» No write current 


To reduce internal power dissipation, an optional 


external resistor, RCT, given by RCT < 130Q x 40/lw 
(lw in mA), is connected between pins VDD1 and 
VDD2. Otherwise connect pin VDD1 to VDD2. 


To initialize the Write Data Flip Flop (WDFF) to pass 
current through the X-side of the head, pin WDI must be 
low when the previous read mode was commanded. 


READ MODE ~ 


The read mode configures the SSI 32R514 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe circuitry. The RDX 
and RDY outputs are emitter followers and are in phase 


with the “X” and “Y” head ports. These outputs should 


be AC coupled to the load. The RDX, RDY common 
mode voltage is maintained in the write mode, minimiz- 
ing the transient between write mode and read mode, 
substantially reducing the write to read recovery time in 
the subsequent pulse detection circuitry. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector, and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 





PIN DESCRIPTIONS 








DESCRIPTION 


Head Select 
Chip Select: a low level enables device 


Read/Write: a high level selects Read mode 
Write Unsafe: a high level indicates an unsafe writing condition 


Write Data In: negative transition toggles direction of head current 


HOX-H5X /O X,Y head connections 
HOY-H5Y 


aie 
Ea! 
ce 
aad eel 
|RDX,RDY | O° _| X,Y Read Data: differential read signaloutput 
a 
| 
ae 
poe 







WC Write Current: used to set the magnitude of the write current 
Voltage Center Tap: voltage source for head center tap 



















+12V 
Positive power supply for the center-tap voltage source 


“When more than one R/W device is used, these signals can be wire OR’ed. 


ABSOLUTE MAXIMUM RATINGS 
(All voltages referenced to GND. Currents into device are positive.) 





PARAMETER VALUE 


DC Supply Voltage vob’ C 
DC Supply Voltage vobe 


VD 
VD 
Digital Input Voltage Range VIN 
Head Port Voltage Range VH VDC 
Write Current (0-pk) lw a ee m 
RDX, RDY Output Current lo a ee m | 
a 
m 


VCT Output Current IlvcT 
WUS Output Current lwus 


-6 

+ 
Storage Temperature Range Tstg -65 to 150 
Lead Temperature PDIP, 26 
(10 sec Soldering) 
Package Temperature PLCC, 21 
SO (20 sec Reflow) 
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0 
12 
0 
5 


A 
A 
A 
A 
C 
C 
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SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 





RECOMMENDED OPERATING CONDITIONS 


| PARAMETER | _ CONDITIONS _ 





VDD1 DC Supply Voltage © 


0 

Lh Head Inductance 
| RD Damping Resistor | 32R514 only 50 
1 


RCT’ RCT Resistor _ lw = 40 mA 137 
Tj Junction Temperature Range LO +25 


—*Forlw= 40 mA. At other lw levels refer to Applications Information that follows this specification. 


DC CHARACTERISTICS 
(Recommended operating conditions apply unless otherwise specified.) 


POWER SUPPLY 


| PARAMETER oe 
| VCC Supply Current 
| | vob Supply Current | 
(sum of VDD1 and VDD2) 


Idle Mode 


| Read Mode 


Write Mode, lw = 40 mA, 
RCT = 02 


Write Mode, Iw = 40 mA, 
RCT = 1300 


Power Dissipation (Tj = +135°C) 
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SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 





DC CHARACTERISTICS (continued) 


CONDITIONS 
ViL_Imputtow Vonage | 
VIH__ Input High Vottage es 


DIGITAL I/O 







PARAMETER 











‘in iputhigh cure | veiezov YY 
[VoL wus outtow votage | iou-ema | +t ‘| os | vec 
Hon wus oupatrignGurent | von=sov [| | 


WRITE MODE 
Write Mode, 
0< VCC <3.7V, 
0<VDD1<8.7V 
2.37 











Write/Idle Mode 


ae 
le 
i 20 
hata 
somes | 
Write/idle Mode 
hal 
Deca 


READ MODE 7 








Read or Idle Mode 
0< VCC <5.5V 
0< VDD1 < 13.2V 


Head Current (per side) 









Input Bias Current (per side) 


-2 
Output Offset Voltage Read Mode | 615 
Common Mode Output Voltage Read Mode 


0 
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| PARAMETER CONDITIONS 


WDI Transition Frequency WUS = low 250 


_| Differential Input Capacitance 


| Single Ended Output Resistance f = 5 MHz 


— 
— 
ms 
zs1<s0,vin=tmvee | a0 | 
= 
— 
= 
2 


SSI 32R514/514R 
2, 4, 6-Channel 


~Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING oe UNS ty 
lw = 35 mA, Lh = 10 pH, Rd = 750 Q 32R514 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF. Recom- 
mended operating conditions apply unless otherwise specified. | 


WRITE MODE 











—— 

nae 
tor 
= 


Differential Output Resistance 32R514 


Differential Head Voltage Swing eH 
Unselected Head Transient Current Le 


32R514R 





: a 


READ MODE 


Differential Voltage Gain 


Dynamic Range - DC Input Voltage, Vi, | 
Where Gain Falls by 10% 
Vin = Vi+ 0.5 mVpp 
| @ 300 KHz 


BW = 15 MHz, 
Lh=0,Rh=0 


Input Noise Voltage 





Differential Input Resistance 
Common Mode Rejection Ratio 
| @ 5 MHz 


100 mVpp @ 5 MHz on 


Power Supply Rejection Ratio 
= | | VDD1, VDD2 or VCC 


Channel Separation _Unselected Channels: 
| Vin=100 mVpp @ 5 MHz; 
Selected Channel: 


Vin = 0 mVpp 


Output Current AC Coupled Load, 
RDX to RDY 
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SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 





DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS 
R/W To Write Mode Delay to 90% of 
Write Current 


R/W to Read Mode Delay to 90% of 
100 mV, 10 MHz Read 
Signal Envelope or 

to 90% decay of 

Write Current 


CS to Select Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 


CS to Unselect Delay to 90% Decay 1.0 Us 
of Write Current 





















HSO - HS2 to any head Delay to 90% of 100mV 
10 MHz Read Signal 
Envelope 


WUS, Safe to Unsafe - TD1 lw = 35 mA, see Figure 1 
WUS, Unsafe to Safe - TD2 lw = 35 mA, see Figure 1 


Head Current 
(Lh = 0 WH, Rh = 0Q, see Figure 1) 














Prop. Delay - TD3 From 50% Points 
Asymmetry WDI has 50% Duty Cycle 
and 1ns Rise/Fall Time 


Rise/Fall Time 10% - 90% Points 
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SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 


HEAD 
CURRENT 
(Ix - ly ) 





FIGURE 1: Write Mode Timing Diagram 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 
3 & 4demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, 
the higher read back signal resulting from the higher input impedance can compensate for the higher input 
noise. Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


| PARAMETER Tj=135°C | UNITS 
| Inputs Noise Voltage (max.) ae nV/VHz 
| Differential Input Resistance (min.) ~ | 32R514R = 
32R514 











Differential Input Capacitance (max.) 





PARAMETER 





Inputs Noise Voltage (max.) 













Differential Input Resistance (min.) 






50 






0.92. 1.2 nV/VHz 
sonsi4n | 500 620 


Differential Input Capacitance (max.) 
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SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 





APPLICATIONS INFORMATION (continued) 


vcc VvDD1 VDD2- VCT 
MICROPROCESSOR 


FILTER Ee 


3 
Bee nele SSI 32R514 


AMPLIFIER 


NOTES 

1. An external resistor, RCT, given by; RCT < 130 (40/lw) where Iw is the zero-peak write current in mA, can 
be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Damping resistors not required on 32R514R versions. 


3. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi- -enp pepe 
these outputs can be wire OR’ed. 


. The power bypassing capacitor must be located close to the device with its ground returned directly to 
device ground, with as short a path as possible. , 


. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where this | 
is not desirable a series resistor can be used to buffer a long WC line. In multi-chip applications a ‘single 
resistor common to all chips may be used. 





FIGURE 2: Typical Application Diagram 
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SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 





PACKAGE PIN DESIGNATIONS (TOP VIEW) 





cs HSO 
GND WD! 
NC vDD1 
HOX vDD2 
HOY ee ina (ee wer 
R/W H1X 
wc H1Y 
-RDX WUS 
RDY vcc 
18-LEAD SOL 
x O Sor NO GB 
fSé6éB222s 
4 3 1 
HOY {5 vDD1 
H1X 116 VDD2 
H1Y 17 VCT 
32R514-6 
Heme 32R514R-6 Hon 
H2Y 9 - | H5Y 


R/W 10 H4X 





WC 11 H4Y 
14 17 
Ox > O wn > x 
feeSzgiet 


28-LEAD PLCC 


THERMAL CHARACTERISTICS 
package —— | tik 
rretead [sa | voor —_—| 

SOL 
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lead | sa | ow 





Cs . HSO 
GND HS1 
HOX WDI 
HOY VDD1 
H1X VDD2 
H1Y [16 soncsge VCT 
H2X 7 32R514R-4 H3x 
H2Y H3Y 
R/W NC 
WC NC 
RDX WUS 
RDY vcC 
HSO | HS1 
cs HS2 
GND WDI 
HOX ‘VDD1 
HOY VDD2 
H1X VCT 
HAY. 7 cae ecicg H5X 
Hox 8 32R514R-6 H5Y 
H2Y H4X 
R/W HAY 
WC H3X 
NC H3Y 
RDX WUS 
RDY VCC 





28-LEAD SOL _ 
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SSI 32R514/514R 
2, 4, 6-Channel 
Read/Write Device 











ORDERING INFORMATION 









PART DESCRIPTION ORDER NO. | PKG.MARK 


SSI 32R514 Read/Write IC LL 
2-Channel SOL SSI 32R514-2CL 32R514-2CL 


4-Channel SOL SSI 32R514-4CL 32R514-4CL 






















6-Channel SOL SSI 32R514-6CL 32R514-6CL 
6-Channel PLCC SSI 32R514-6CH 32R514-6CH 


SSI 32R514R Read/Write IC-with internal damping resistors 
32R514R-4CL 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 


resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SSI 32R515/515R 
9, 10-Channel Ferrite/MIG 
Sill pe Read/Write Device 


DESCRIPTION FEATURES 


The SSI 32R515 is a bipolar monolithic integrated cir © High Performance 

cuit designed for use with center-tapped ferrite or MIG Read Mode Gain = 100V/V 
recording heads. It provides a low noise read path, | | 
write current control, and data protection circuitry for as Input Noise = 1.5 nV/VHz max. 
many as 10 channels. The SSI 32R515 requires +5V Input Capacitance = 20 pF 


and +12V power supplies and is available in a variety Write Current Range = 10 mA to 50 mA 
of packages. ty ; 
¢ Enhanced system write to read recovery time 


The SSI 32R515R performs the same functionas the © Power supply fault protection 
SS132R515 with the addition of internaldamping resis- 
tors. The SSI 32R515M and SSI 32R515RM are 
functionally equivalent to the SSI 32R515 and ° Programmable write current source 
SSI 32R515R however, they have the mirrorimage pin’ e Includes write unsafe detection 

arrangement to simplify layout when using multiple de- 


¢ Designed for center-tapped ferrite or MIG heads 


¢ TTL compatible control signals 





vices. 
° §6+5V, +1 2V power supplies 
¢ Mirror image package option 
BLOCK DIAGRAM PIN DIAGRAM 
vod1 vcc GND WUS VDD2 VCT | 


CE ER 
UNSAFE TAP 


| MULTIPLEXER [/ 


32A5 15/ ef 
32R515R 


9 
Channels 


WRITE 
°-| CURRENT 
SOURCE 





34-LEAD SOL 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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— SSI 32R515/515R 


9, 10-Channel Ferrite/MIG 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R515 gives the user the ability to address up 
to 10 center-tapped ferrite heads and provide write 
drive or read amplification. Head selection and mode 
control is accomplished using the HSn, CS and R/W 
inputs as shown in tables 1 & 2. Internal pullups are 
provided for the CS & R/W inputs to force the device 
into a non-writing condition if either control line is 
opened accidentally. | 


TABLE 1: Mode Select 





0 =Lowlevel 1 = High level 


WRITE MODE 


Taking both CS and R/W low selects write mode which 
configures the SSI32R515 as a current switch and ac- 
tivates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the “X” side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor Rwc from pin WC to 
GND and is given by: 


lw = K/Rwe, where K = Write Current Constant 
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The Write Unsafe detection circuitry monitors voltage 


transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open collector output: 


¢« Head open ¢« Head center tap open 
¢ WDI frequency too low « Device in read mode 
« Device not selected =» No write current 


Two negative transitions on WDI, after the fault is 


corrected, will clear the WUS flag. 


To further assure data security a voltage fault detection 


Circuit prevents application of write current during 


power loss or power sequencing. 


To enhance write to read recovery time the change in 
RDX, RDY common mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. | 


Power dissipation in write mode may be reduced by 
placing a resistor (RCT) between VDD1 & VDD2. The 
optimum resistor value is 96Q x 50/lw (IwinmA). Atlow 
write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 


READ MODE. 


Taking CS low and R/W high selects read mode which 
configures the SSI 32R515 as a low noise differential 
amplifier for the selected head. The RDX and RDY 
outputs are driven by emitter followers and are in phase 
with the “X” and “Y” head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 
for any external gating. 


Read mode selection also initializes the Write Data 
Flip-Flop (WDFF) to pass write current through the “X” 
side of the head at a subsequent write mode selection. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 
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SSI 32R515/515R 
9, 10-Channel Ferrite/MIG 
Read/Write Device 





PIN DESCRIPTIONS 

















nan X,Y head connections 





het HS3 


O| 
9] 


HOX-H9X 
HOY-H9Y 


RDX, RDY 


etree Tr a 
, Te 


* When more than one Read/Write device is used, these signals can be wire OR’ed. 


ELECTRICAL CHARACTERISTICS 


VDD1 
VDD2 





ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 


PARAMETER VALUE UNITS 


ewaane el 
Output Curent =O ADI |S 
Output Curent ier | 
er 
i050 















Output Current Iwus 
| Storage Temperature Range Tstg -65 to 150 


Package Temperature PLCC, SO 
(20 sec Reflow) 
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SSI. 32R515/515R 
9, 10-Channel Ferrite/MIG 
Read/Write Device 





RECOMMENDED OPERATION CONDITIONS 

















| PARAMETER | CONDITIONS MIN pwom | max | UNITS | 
Weadinducance | Cid 
0 
‘Resi a 9 

IW 1 

| 7; 





™, 


1 
0 


0 
RCT Resistor RCT* |} Ww=50mA ~ - = 


Write Current 
Junction Temperature Range 


DC CHARACTERISTICS | 
Unless otherwise specified, recommended operating conditions apply. 





















POWER SUPPLY | | | 













PARAMETER CONDITIONS 


VCC Supply Current are | Readiidle Mode 
VDD Supply Current | idieMode 
_ (sum of VDD1 and VDD2) 
| | Power Dissipation (Tj = +1 25°C) 
| RCT =0Q0 | | 
RCT = 960 | 
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SSI 32R515/515R 


9, 10-Channel Ferrite/MIG 


DC CHARACTERISTICS (Continued) 


DIGITAL I/O 


PARAMETER CONDITIONS 
ViL__Input Low Voltage le tanta ta onl 


VIH Input High Voltage 


Read/Write Device 














IH Input High Current VIH = 2.0V 


WRITE MODE 


PARAMETER CONDITIONS 
Center Tap Voltage VCT | Write Mode 


Head Current (per side) Write Mode, 
: 0<VCC <3.7V, 
0<VDD1<8.7V 


Write Current Range 


Write Current Constant “K” 


lwc to Head Current Gain iL... 4 
Unselected Head Leakage Current Neg eee 
RDX, RDY Output Offset Voltage Write/Idle Mode 


RDX, RDY Common Mode Write/Idle Mode 

| Output Voltage 
RDX, RDY Leakage RDX, RDY = 6V 
Write/Idle Mode 


READ MODE 


_| PARAMETER CONDITIONS 
Center Tap Voltage Read Mode 


Head Current (per'side) Read or Idle Mode 


0< VCC <5.5V 


0<VDD1 < 13.2V 


Input Bias Current (differential) aa 
Input Offset Voltage _| Read Mode 
Common Mode Output Voltage Read Mode 
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PARAMETER | CONDITIONS 


Bandwidth (-3dB) |Zs| < 5Q, Vin = 1 mVpp 


_ | Common Mode Rejection Ratio Vom = VCT + 100 mVpp 5 
@ 5 MHz 


SSI 32R515/515R 
9, 10-Channel Ferrite/MIG 


Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING ; : 
Unless otherwise specified, recommended operating conditions apply and Iw = 35 mA, Lh= 10 WH, Rd = 7500 
32R515 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) : 


WRITE MODE | oe 

















[Differential Head Votage Swing | | 70 
| UnselectedHead Transient Current | | 
| Ditferential Output Capacitance fT 


7.0 
Differential Output Resistance | 
32R515R 
WDI Transition Frequency | WUS = low Iw=35 mA 250 
LH = 4-10 pH | 
WUS = low Iw=20mA | 400 
 LH=4uH 


READ MODE | 


PARAMETER CONDITIONS | 
Differential Voltage Gain _ Vin = 1 mVpp @ 300 KHz, 85 
| RL(RDX), RL(RDY) = 1 Ka 


Dynamic Range DC Input Voltage, Vi, 
; Where Gain Falls 

by 10%. Vin = Vi+ 
0.5 mVpp @ 300 KHz 
































Input Noise Voltage BW = 15 MHz, 
Lh=0,Rh=0 


Differential Input Capacitance f=5 MHz 
Differential Input Resistance 32R515, f = 5 MHz 2 
Differential Input Resistance 32R515R, f = 5 MHz 3 






Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 
: VDD1, VDD2 or VCC 


Channel Separation Unselected Channels: 
Vin=100 mVpp @ 5 Mtz; 
Selected Channel: 

Vin = 0 mVpp 


Single Ended Output Resistance = |_ f = 5 MHz ae 


Output Current | AC Coupled Load, | +2.1 
RDX to RDY 
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K 
73 
0 
45 
45 
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SSI 32R515/515R 
9, 10-Channel Ferrite/MIG 
Read/Write Device 











DYNAMIC CHARACTERISTICS AND TIMING (Continued) 


SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS UNITS 

R/W To Write Delay to 90% of 1. Us 
Write Current 

R/W to Read Delay to 90% of 1. us 


100 mV, 10 MH:z Read 
Signal Envelope or 

to 90% decay of 

Write Current 


CS to Select Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Fiead 
Signal Envelope 


c 


S to Unselect Delay to 90% Decay 
of Write Current 
HSO - HS3 to any head Delay to 90% of 100 mV, 
10 MHz Read Signal 
Envelope 


— 


nm — | O1 av 
oO |. o1 2D io ron) oO ran) oO 


= 


WUS-Safe to Unsafe - TD1 lW=35mMA,LH=4-10 pH] 1.6 
lw = 20 mA, LH = 4H 1.0 
WUS-Unsafe to Safe - TD2 lw =35 mA ; 


Head Current (Lh = 0 pH, Rh = 00) 


Prop. Delay - TD3 From 50% Points 
Asymmetry WDI has 50% Duty Cycle 
and ins Rise/Fall Time 
Rise/Fall Time 10% - 90% Points 


us 
UL 


N a a 
on 


N 
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SSI 32R515/515R 
9, 10-Channel Ferrite/MIG 
Read/Write Device 


~ HEAD 
CURRENT 
(Ix- ly) 


+5V 


see Note 4 


see Note 1 
0.1 pF TT 


= VDD1 VDD2 VCT 
; see Note 2. 


= 
So 
Ps 


——}} MICROPROCESSOR 


> 
= Ss 
x < 


LOGIC 
SUPPORT 


FILTER g ‘. 
| UT see Note 3 ; eaponine: * 9 


LL 
nN wk 
x <- 


x= 
oO N” 
x << 


Ee 
> wo 
x. < 


AGC: 
* AMPLIFIER ° 


x x 
Lo) > 
x <. 


{LEVEL 
—1 QUAL 


x 
na 
x < 


SSI 32P541 READ DATA PROCESSOR | 


x 
ro) 


ea 
N 
x < 


oe 
oN 
x < 


NOTES 


1. Anexternal resistor, RCT, given by; RCT = 96 (50/tw) where lw is the zero-peak write current in mA, can be used 
to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 
Damping resistors not required on 32R515R versions. 
Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application these 
outputs can be wire-OR'ed. WC GND 
The power bypassing capacitor must be located close to the 32R515 with its ground returned directly to device a 


xz LX 
o & 
x < 


x 
© 
< 


ground, with as short a path as possible. 

To reduce ringing due to stray capacitance this resister should be located close to the 32R515. Where this is not RWC 
desirable a series resistor can be used to buffer along 'WC line. In multi-chip applications a single resistor common see Note 5 
to all chips may be used. 





FIGURE 2: Applications Information 
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SSI 32R515/515R 
9, 10-Channel Ferrite/MIG 
Read/Write Device 





PACKAGE PIN DESIGNATIONS 


(TOP VIEW) 
r] HOX 


HOY 
|] Hix 
|| H1Y 
|| H2x 
|} H2Y 
| | H3X 


7 || H3Y 


8 2 
32R515/ : 32R515M/ 
32R515R 32R515RM 


3 9 || H4x 


Channel 
Channels 0 sails || H4¥ 


|| H5X 
|| H5SY 
|| Hex 
|| HEY 
|| H7X 
|| H7Y 


|} H8Xx 





34-Lead SOL 34-Lead SOL 
Mirror Image 


H8X 
H7Y 
H7X 
H6Y 
H6X 
H5Y 
H5X 


Hay THERMAL CHARACTERISTICS: © ja 


H4X 
. Sorc 


H3Y 
44-Lead | PLCC 60°C/W 


32R515/32R515R 


10 Channels 








H3X 





44-Lead PLCC 


0789 1-95 


SSI 32R515/515R 
9, 10-Channel Ferrite/MIG 
Read/Write Device 





ORDERING INFORMATION 





SSI 32R515 a | 
9-Channel SOL 32R515-9CL 
10-Channel PLCC 32R515-10CH 


| SSI32R515R 
9-Channel SOL SSI 32R515R-9CL 32R515R-9CL 


10-Channel PLCC SSI 32R515R-10CH 32R515R-10CH 


SS! 32R515M 


9-Channel SOL SSI 32R515M-9CL 32R515M-9CL 


SSI 32R515RM 
9-Channel SOL | 32R515RM-9CL 






























SSI 32R515RM-9CL 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. . 
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RDX 
RDY 


WOI 


HSo 


HS1 


HS2 


wc 


Silicon ie masta 


DESCRIPTION 


The SSI 32R516 is a bipolar monolithic integrated 
circuit designed for use with a center-tapped ferrite or 
MIG recording heads. The SSI 32R516 offers the per- 
formance upgrades of the SSI 32R511 along with 
improved head port characteristics and increased 
read gain. It provides a low noise read path, write 
current control, and data protection circuitry for as 
many as 8 channels. The SSI 32R516 requires +5V 
and +12V power supplies and is available in a variety 
of packages. | 


The SSI 32R516R performs the same function as the 
SSI 32R516 with the addition of internal 650 Q damp- 
ing resistors. The SSI 32R516M and SSI 32R516RM 
are functionally equivalent to the SSI 32R516 and SSI 
32R516R however, they have the mirror image pin 
arrangement to simplify layout when using multiple 
devices. 


BLOCK DIAGRAM 


v0D1 VCC GND WUS VDD2 VCT 


UNSAFE 
| DETECTOR 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





July, 1989 
FEATURES 


¢ High performance 


Read mode gain = 120 V/V 

Input noise = 1.3 nV/VHz maximum 
input Capacitance = 18 pF 

Write current range = 10 mA to 60 mA 


¢ Enhanced system write to read recovery time 
¢ Power supply fault protection 


¢ Pin compatible with the SSI 32R501 & 
SSI 32R511 


¢ Designed for center-tapped ferrite or MIG heads 
¢ Programmable write current source 

¢ Easily multiplexed for larger systems 

¢ Includes write unsafe detection 

¢ TTL compatible control signals 

¢ 6+5V, +12V power supplies 

¢ Mirror image pin arrangements 





PIN DIAGRAM 


HOX [] 1 32 {| GND 
Hoy [| 2 31 || N& 
H1X |] 3 30 [] CS 
H1Y [} 4 29 || R/W 


H2x |] 5 28 || wc 
H2y [} 6 27 [] RDY 


H3x [] 7 26 [] RDX 






32R516-8/ 
25 
Hv Le 32R516R-8 ater 


H4X 119 Ghernets 24 [] HS! 
Hay [] 10 23 |] Hs2 
H5X [| 11 22 |] vec 
H5Y |} 12 21 || WD! 
H6X [] 13 20 [] wus 
Hey [ 14 19 [] VDD1 
— H7X Lf 15 18 || voD2 
H7Y [] 16 17 [] vet 


32-LEAD SOW 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R51 6/51 6R 
4. 6, 8- Channel Ferrite/MIG 
Read/Write Device 


CIRCUIT OPERATION 


The SSI32R516 givesthe userthe ability to address up 
to 8 center-tapped ferrite heads and provide write drive 
orread amplification. Head selection and mode control 
is accomplished using the HSn, CS and R/W inputs as 
shown intables 1 & 2. Internal pullups are provided for 
the CS & R/W inputs to force the device into a non- 
writing condition if eithercontrol line i is opened acciden- 
tally. 


TABLE 1: Mode Select 


The Write Unsafe detection circuitry monitors voltage © 


transitions at the selected head connections and flags 
any of the following conditions as a high level on the 
Write Unsafe open Colecet output: 


- Head open - Head center tap open 


© WD! frequency too low + Device in read ee 


< Device not selected | 


a. No write current 


‘Two negative transitions on WDI, after the fault is 
corrected, will clear the WUS flag. 


Tofurtherassuredata sGeiiityavollagetail asicciion 
Circuit prevents application of write current during 
power loss or power sequencing. | , 7 


To enhance write to read recovery time the change in 
RDX, RDY common: mode voltage is minimized by 
biasing these outputs to a level within the read mode 
range when in write mode. 


Power dissipation in write mode may be reduced ! by 





0=Lowlevel 1 = High level 


WRITE MODE 


placing a resistor (RCT) between VDD1 & VDD2. ‘The 
optimum resistor value is 82Q x 60/lw (IwinmA). Atlow 
write currents (<15 mA) read mode dissipation is 
higher than write mode and RCT, though recom- 
mended, may not be considered necessary. In this 
case VDD2 is connected directly to VDD1. 


READ MODE 


Taking CS low and R/W high selects read mode which 
configures the SSI 32R516 as a low noise differential 
amplifier for the selected head. The RDX and RDY 
outputs are driven by emitter followers and are inphase 
with the “X” and “Y” head ports. These outputs should 
be AC coupled to the load. The internal write current 
source is gated off in read mode eliminating the need 


| for any external gating. 


Taking both CS and R/W low selects write mode which | 


configures the SSI 32R516 as a current switch and ac- 
tivates the Write Unsafe (WUS) detector circuitry. 
Write current is toggled between the X and Y side of the 
selected head on each high to low transition of the 
Write Data Input (WDI). Note that a preceding read 
mode selection initializes the Write Data Flip-Flop, 
WDFF, to pass write current through the “X” side of the 
head. The zero-peak write current magnitude is pro- 
grammed by an external resistor ne from pin we to 
GND and is given by: 


lw = K/RWC, where K = Write Current Constant 
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Read mode selection also initializes the Write Data 


Flip-Flop (WDFF) to pass write current through the “X” 


side of the head at a subsequent write mode selection. . 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX, RDY outputs into ahigh impedance state and 
deactivates the internal write current sourcé. This 
facilitates multi-device installations by allowing the 


read outputs to be wire OR’ed and the write current . 


programming resistor to be common to all devices. 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





PIN DESCRIPTIONS 


WDI 









/O 


DESCRIPTION 
Head Select 


ae aa Chip Select: a low level enables device 
ae oe Read/Write: a high level selects read mode 






Write Unsafe: a high level indicates an unsafe writing condition 
Write Data In: negative transition toggles direction of head current 





HOX-H7X 
HOY-H7Y 


X,Y head connections 


| O* ‘| _-X, Y Read Data: differential read signal out 

Ld Write Current: used to set the magnitude of the write current 
Ce Voltage Center Tap: voltage source for head center tap 

Sn Fe 









+12V | : 
Positive power supply for the center tap voltage source 


*When more than one R/W device is used, these signals can be wire OR’ed. 


ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 


PARAMETER VALUE UNITS 


voc 
voc 
voc 
voc 
voc 
WUS Pin Voltage Range Vwus VDC 
Write Current Zero Peak IW a eee mA 
| RDX,RDy OutputCurrent =o | A 
| VCT Output Current = vor | mA 
| | 









| WUS Output Current tus | : | mA 
°C 
Fla 
(10 sec Soldering) 

Package Temperature PLCC, SO Ce 


(20 sec Reflow) 


°C 





°C 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





| RECOMMENDED scdhainia duce CONDITIONS 


PARAM ETER CONDITIONS 


DC Supply Voltage ~VDD1 


DC Supply Vottage 2 ee F 


32R516 only 


lw = 60 mA 





~*For lw = 60 mA. At other lw levels refer to area Information that follows this specification. 


DC CHARACTERISTICS 
_ (Unless otherwise specified, recommended operating conditions apply.) 


| VDD Supply Current 
(sum of VDD1 and VDD2) 


_ POWER SUPPLY 


Power Dissipation (Tj = +125°C) Idle Mode 
| Read Mode 


- Write Mode, IW = 45 mA, 
RCT = 0Q 


Write Mode, IW = 45 mA, 
RCT = 1102 


Write Mode, IW = 60 mA | 
RCT = 82Q 
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DC CHARACTERISTICS (continued) 


DIGITAL I/O 


PARAMETER 





VIL Input Low Voltage 
VIH Input High Voltage 


HL Input Low Current 
NH Input High Current 


VOL WUS Output Low Voltage 
OH WUS Output High Current 


WRITE MODE 


Center Tap Voltage VCT 


Head Current (per side) 


RDX, RDY Output Offset Voltage 


RDX, RDY Common Mode 
Output Voltage 


Input Bias Current (per side) 
Input Offset Voltage 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





CONDITIONS 


VIL = 0.8V | 0.4 | 
|VIH=20V00 | 
rious8ma 
ed 
iat 
oe 





VOH = 5.0V 
Write Mode 


Write Mode, 
0< VCC <3.7V, 
0<VDD1<8.7V 


IW = 10-45 mW 2.375 
IW = 45 - 60 mW 

Write/Idle Mode 

Write/Idle Mode 


Read or Idle Mode 
0<VCC <5.5V 
0< VDD1<13.2V 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG. 
Read/Write Device 


DYNAMIC CHARACTERISTICS AND TIMING oo a eet ce 
(Unless otherwise specified, recommended operating conditions apply and IW = 35 mA, Lh = 5 pH, 
Rd = 750Q (32R516) only, f(WDI) = 5 MHz, CL(RDX, RDY) < 35 pF.) | 


WRITE MODE 2, 


PARAMETER CONDITIONS 


Differential Head Voltage Swing | | 7.0 
Unselected Head Transient Current er ae a 













Differential Output Resistance 
| 32R516R 
12 


WDI Transition Frequency WUS =low 


’ READ MODE 


0 


Differential Voltage Gain Vin = 1 mVpp @ 300 kHz, | 
RL(RDX), RL(RDY) | 
= 1KQ 
Dynamic Range , AC Input Voltage, Vi, 
— Where Gain Falls . | 
by 10%. V+f =300 KHz | 
Bandwidth (-3dB) 
_ Input Noise Voltage | BW=15 MHz, | 
na ete Lh=0,Rh=0 


Differential Input Capacitance f = 5 MHz 
Differential Input Resistance | 32R516, f = 5 MHz 


Common Mode Rejection Ratio ©. | Veom=VCT +100 mVpp 
@ 5 MHz 

Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 
VDD1, VDD2 or VCC 


Differential Input Resistance _ 32R516R,f=5MHz — 


Channel Separation | Unselected Channels: 
Vin=100 mVpp @ 5 MHz; 
- Selected Channel: 
Vin = 0 mVpp 


| Single Ended Output Resistance | f=5 MHz 


- Output Current | | AC Coupled Load, 
fe ; | | RDXtoRDY | 


1-102: 


fee ees | 
oierental Qua Capactanee | as ee 
32R516 | 10K | | a 
| 650_ 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 











DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 





PARAMETER (SONDITIONS 


rc 


R/W To Write Delay to 90% of 


Write Current 


Delay to 90% of 

100 mV, 10 MHz Read 
Signal Envelope or 

to 90% decay of 

Write Current 


Delay to 90% of Write 
Current or to 90% of 
100 mV, 10 MHz Read 
Signal Envelope 


CS to Unselect Delay to 90% Decay 
of Write Current 


HSO - HS2 to any head ~. | Delay to 90% of 100 mv, 
| 10 MHz Read Signal 
Envelope 


WUS, Safe to Unsafe - TD1 lw =35 mA 1.6 
WUS, Unsafe to Safe - TD2 lw =35 mA 


| Head Current (Lh = 0 pH, Rh = 0Q) 


Prop. Delay - TD3 From 50% Points 


Asymmetry WDI has 50% Duty Cycle 
: | and 1ns Rise/Fall Time 


8 
:= 


R/W to Read 


CS to Select 1.0 


_—, 
co) 
c 


{ 
Ei | 






c 


= 
© 


c 


PhO 
© 


— 
fo) 


Rise/Fall Time 10% - 90% Points 


HEAD 
CURRENT 
( Ix - ly) 





FIGURE 1: Write Mode Timing Diagram 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG. 
Read/Write Device 





a +12V 
see Note 4 
100 pF 


, see Note 1 
ae RCT 






Ss 
0.1 pF = 
7 -2K =| VCC VDD1 VDD2 VCT 






see Note 2 


WUS HOX = 
HOY 
. H1X 
2 = 3 


SSI 32R516 
- RDX HaY 
ax 
L-— RDY | 
Hay 


MICROPROCESSOR 


READ 
DATA 


SSI 32P541 READ DATA PROCESSOR. 


>) Hsn 





WC GND 
a 
| ; see Note 5 
NOTES | eee. 
1. Anexternal resistor, RCT, given by; RCT = 82 (60/lw) where Iw is the zero-peak write current in mA, 
- can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 
2. . Damping resistors not required on 32R516R versions. 
3. Limit DC current from RDX and RDY to 100 tA and load capacitance to 20) pF. In multi-chip application 
these outputs can be wire-OR’ed. “ 
4. The power bypassing capacitor must be located close to the 32R516 with its aroun returned directly 
to device ground, with as short a path as possible. 
5: To reduce ringing due to stray capacitance this resistor should be located close to the 32R516. Where 
this is not desirable a series resistor can be used to buffer a long WC line.” ‘In multi-chip applications 


a single resistor common to all chips may be used. | 


FIGURE 2: Applications Information 











SSI 32R516/516R 
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PACKAGE PIN DESIGNATIONS (Top View) 











GND HOX 
N/C HOY rv 
Oo a OO 6 a oe 
(a) — QO O LO 
cs H1X So = = 2 2s = 
WC H2Xx HS2 H5X 
RDY 23 |] H2Y HS1 H4Y 
32R516M-6/ 
32R516-6/ RDX 32R516RM-6 22 H3X HSO H4X 
32R516R-6 6 
6 2 HSO Channels 21 |] H3Y 32R516-6/32R516R-6 
Channels RDX 6 Channels HY 
HS1 H4Xx 
RDY H3X 
HS2 H4Y 
WC H2Y 
vec H5X 
R/W H2X 
|] wo! Hoy 27 1 2 3 4 
Ls id Oe: OO UE ee Ss 
Oo 6 ~€ 229 % 2 
r] voo1 VDD2 Oo < 
28-Lead PLCC 
28-Lead SOL 
Mirror image 
GND GND [] HOX N/C 
N/C NIC || HOY cs 
ts cs H1X RW 
RW RW [I H1Y WC 
wc WC H2x RDY 
32R516-4/ 
RDY RDY H2Y oR516R-4 RDX 
4 
RDX RDX H3X Channels HSO 
32R516-8/ 32R516M-8/ 
32R516R-8 Bs HSo 32R516RM-8 H3Y HS1 
8 8 
Channels HS1 HS1 Channels H4x VCC 
HS2 HS2 H4Y WD! 
vcc VCC H5X WuSs 
WD! WD! H5Y VDD1 
wus WUS H6X 
voD1 vDD1 HeY 24-Lead SOL 
VDD2 VDD2 H7X 
VCT VCT H7Y 
32-Lead SOW 32-Lead SOW 


Mirror Image 


SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





PACKAGE PIN DESIGNATIONS (Continued) 


Hox [] 1 341] GND GND [] 1 
~ HoY [] 2 33 [] N/C a nrc [] 2 
Hix [] 3 — 32 fT] NC | Ne [] 3 
| H1Y [| 4 31 |] | | oS [4 
H2X [1 5 30/] RW RW: [] 5 


H2Y || 6 29 |} WC . . Uw ST] 6 


H3X [] 7 28 [] RDY RADY || 7 





H3Y || 8 27 | | RDX RDX || 8 


H4X [| 9 30R516-a/ 26 || HSO HSO 32R516-8/ 
32R516R-8 32R516R-8 
H4Y | 10 8-Channels 25 | HS1 . ; HS1 


H5xX [| 11 24 || HS2 HS2- 
H5Y [] 12 - 231] vec VCC 
Hex [] 13 22 T] wol | WD! 
Hey [| 14 21 [] wus ~  WUS 
H7X || 15 | 20 [] NC : N/C 


H7Y [] 16 19 |] vDD1 ; oe VDD1 





vet [] 17 18 |} vbD2 VDD2 


34-Lead SOL — | | 34-Lead SOL _ 
, Fe | Mirror Image. 


THERMAL CHARACTERISTICS: ja 
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SSI 32R516/516R 
4, 6, 8-Channel Ferrite/MIG 
Read/Write Device 





ORDERING INFORMATION 


"pant DEscRPTION | onbeRNO | Pk ane 
SSI 32R516 


SSI 32R516R , 


4-Channel SOL SSI 32R516R-4CL 32R516R-4CL 














SSI 32R516M 
fesisonsien 


















No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSi 32R520 is an integrated read/write circuit 
designed for use with non-center tapped thin film 
heads in disk drive systems. Each chip controls four 
heads and has three modes of operation: read, write, 
and idle. The circuit contains four channels of read 
amplifiers and write drivers and an internal write cur- 
rent source. 


A current monitor (IMF) output is provided that allows 
a multi-chip enable fault to be detected. An enabled 
chip’s output will produce one unit of current. An open 
collector output, write select verify (WSV), will go low if 
the write current source transistor is forward biased. 
The circuit operates on +5 volt, and -5 volt power and 
is available in a 24-pin flatpack. The SSI 32R520R 
differs from the SSI 32R520 by having internal 200Q 
damping resistors. 


BLOCK DIAGRAM 


IMF WUS 


| HEAD f 
+ TRANSITION | 





SSI 32R520/520R 
4-Channel Thin Film 
Read/Write Device 





June, 1989 
FEATURES 


¢ High performance 
Read mode gain = 120V/V 
Input noise = 0.9nV/VHz 
Input capacitance = 65 pF 
Write current range = 30 mA to 75 mA 
Head voltage swing = 3.8 Vpp 
Write current rise time = 13 nsec 


e Write unsafe detection 
¢ TTL - compatible logic levels 


¢ Operates on standard +5 volt and -5 volt power 
supplies 





PIN DIAGRAM 


HOX 


DETECTOR [ 


DIFFERENTIAL 


REA 
AMPLIFIERS 
AND 
WRITE 
CURRENT 


: SWITCHES 
HEAD : 
SELECT ff 
% (4-CHANNELS) 


WRITE 
CURRENT 
SOURCE 





HOY 


H2X 


H2Y 


H1X 


HiY 


H3X 


SSI 32R520/520R © 
4-Channel Thin Film 
Read/Write Device 


CIRCUIT DESCRIPTION 


WRITE MODE 


Inthe write mode (R/W and CS low) the circuit functions 
as a differential current switch. The Head Select inputs 
(HS1 and HS2) determine the selected head. The 


READ MODE 


In the Read Mode, (R/W high and CS low), the circuit 
functions as a differential amplifier. The amplifier input 
terminals are determined by the Head Select inputs. 


HEAD SELECT TABLE 


Write Data Inputs (WD, WD) determine the polarity of 
the head current. The write current magnitude is 
adjustable by an external 1% resistor, Rwc, from WC to 
VEE, where: 
I= 
Rwe (14+ 
wo (T+e ) 





Where: Vwc = Write Current Pin Voltage = 1.65+5% 
Rh = Head Plus External Wire Resistance 
Rd = Damping Resistance 


PIN DESCRIPTIONS 








10 


’ Write Unsafe: a high indicates an unsafe writing condition 7 


X, Y Head Connections: Current in the X-direction flows into the X-port 


X, Y Read Data: differential read data output | 
Write Current: used to set the magnitude of the write current 





HS1—HS2 | 






“hl 
Y” 


R/W ‘a 
WUS _ 
WSV 

M 

Wo, WD 


HOX — H3X VO 
HOY —- H3Y 


RD, RD 













.?) 


“Tl 





VCC L en Positive Supply Voltage 
VEE ae _ Negative Supply Voltage 
GND P= cond O™C—CSOCSC‘C#C‘C*C 
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SSI 32R520/520R 
4-Channel Thin Film 
Read/Write Device 





ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, 4.75 < Vcc < 5.25, -5.5 < VEE < -4.95V, 25° < T (junction) < 125 °C. 


ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. : 


ee 
Nepaive Supp Votage, ve —SSSS*dSS 
pe 







jInputVoltages 
ae 


Outputs 


Read Data (RD, RD) 0.5 to Vcc +0.3 V 


Write Unsafe (WUS) | -0.4 to Vcc +0.3 | 
and 20 mA 


Vv 
_ Write Select Verify (WSV) | | -0.4V to Voc +0.3V and 20 mA 
V 
V 
A 






























Current Reference (WC) VeE to Vcc +0.3 
| . | and 8 mA 


Head Outputs (Write Mode) lw max = 150 


POWER SUPPLY 


PARAMETER CONDITIONS 


| MAX | UNIT 
Power Dissipation All modes, 25 < Tj < 100 | 612+6.7101 


a ee 
100° < Tj < 125°C F | | 56846.710 
| er a | 

a a 


Current Monitor (IMF) -0.4 to Vcc +0.3 a ee 











Write Mode a 38+Iw/19 


[ma 
ma 
ee ee 


m 

m 

Negative Supply Current (IEE) m 
| 





Read Mode 
Write Mode : 





1-111 





SSI 32R520/520R 
4-Channel Thin Film 
Read/Write Device 


LOGIC SIGNALS 





PARAMETER ___| conpmions | MIN |_ NOM | 
Chip Select Low Voltage (VLCS) | ReadorWriteMode | | | 
Chip Select High Voltage (VHCS) }IdleMode  ——s« || 20 | 
Chip Select Low Current (ILCS) fvics=ov ss (ss—i(isé‘i tw] 
Chip Select High Current (IHCS) |vHcs=20v | | | 
Read Select High Voltage (VHR/W) | ReadoridleMode = | 20 | | 
Read Select Low Voltage (VLR/W) | WriteorldleMode == || 
Read Select High Current (IHR/W) PVHRW=20V ¢©6C TT 
Read Select Low Current (ILR/W)| VLRW=0V0tti(tsté‘zQ OS] CL 
Head Select High Voltage (VHHS)| | 2 | TT 
a eT OO IK: 
Re asad 
ee! 
eae 
fod 
Pe 





















Head Select Low Voltage (VLHS 


Head Select High Current (IHHS) | VHHS = VCC Lo! 
_| Head Select low Current (ILHS) | VLHS = 0V 


WUS, WSV Low Level Voltage ILUS = 8 mA 
(denotes safe condition) 
WUS, WSV High Level Current VHUS = 5.0V 
(denotes unsafe condition) | 


IMF OFF Current a 


a 




















READ MODE | | 8 te edt Heseees 
Tests performed with 100Q load resistors from RD and RD through series isolation diodes to VCC. 


Vin = 1 mVpp, f = 300 KHz; 
25 °Cs Tj < 125 °C 


_Tj=70°C 
V ) Zs < 5Q, Vin = 1 mVpp 4 
f midband = 300 KHz 


Zs = 09, Vin=0V, = 
Power Bandwidth = 15 MHz | 
rs 














Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz 


Differential Input Resistance Vin = 1 mVpp, f = 5 MHz 











32R520 1K 
s2n520R__|_13 









Input Bias Current (per side) Vin=0V - 
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SSI 32R520/520R 
4-Channel Thin Film 
Read/Write Device 





READ MODE (Continued) 


| Output OftsetVotage | 860 
| Output Leakage Current _—| Idle Mode | 
[Single Ended Output Resistance | 10 


Single Ended Output Capacitance 
Dynamic Range 






















DC input voltage where AC 
gain falls to 90% of the gain 
with .5 mVpp input signal 


| NOM 

Losin 

ee 

a 

y 

CMRR Vin = 100 mVpp, OV DC me 

1 MHz <f < 10 MHz 54 

|10MHz<f<20MHz | 48 | 

a. 

Eel 













Power Supply Rejection Ratio VCC or VEE = 100 mVpp 
1 MHz <f < 10 MHz 54 
pt te s #20 He 


Channel Separation The three unselected channels 
are driven with Vin = 100 mVpp 
1 MHz <f< 10 MHz 











Current Tolerance Current set to nomial value 
by Rx, Rh = 15Q + 10%, 
Tj = 50 °C, Rd = 200Q 


(iw) (Rh) Product po 


Differential Head Voltage Swing lw = 40 mA, Lh = 0.3 pH, 
Rh = 150 


heads tested to minimize 


external coupling effects 


1K 
Resistance, Rd 130 
4 





Unselected Head lw = 40 mA, Lh = 0.3 HH, 
Transient Current Rh = 15Q Non-adjacent 
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SSI 32R520/520R 
‘4-Channel Thin Film 
Read/Write Device 


WRITE MODE (Continued) 






PARAMETER | 


Head Differential Load — 
Capacitance | 


Differential Data Voltage, 














— 


CONDITIONS 
(WD — WD) 


Data input VoltageRange | 


Data Input Current (per side) Chip Selected 
| Data Input Capacitance Per side to GND 


SWITCHING CHARACTERISTICS 


PARAMETER ‘CONDITIONS 
| Idle to Read/Write Transition Time aa. we 


Read/Write to Idle Transition Time | RO agit 























VLCS = 0.8V, 
Delay to 90% of lw 


VLCS = 0.8V, Delay to 90% 
of 20 MHz Read Signal . 
envelope, lw decay to 10% 


Read to Write Transition Time 

















lw = 40 mA, L 
|-Rh=0 : 


lw = 40 mA, Lh < 0.05 wH, 
Rh = 0, measured from 50% 
of input to 50% of current 
change | so 
_lw=40 mA, Lh= 0.2 pH, © 

| Rh = 10Q, WD & WD 
transitions 2 ns, switching 
time symmetry 0.2ns 






h < 0.05 pH, 







Shorted Head Current Switching | 
Delay Time - 















Head Current Switching 
Time Symmetry 


















Delay from 50% of write select | 
swing to 90% offinalWSV | 
voltage, Load = 2 KQ// 20 pF | 


{(data) = 10 MHz 


WSV Transition Time 

















Unsafe to Safe Delay After 7 
Write Data Begins (WUS) 


(WUS) 









Non-switching write data, . 


Safe to Unsafe Delay, | 
| ) no write current 












Safe to Unsafe Delay, (WUS) Head open or head select 


( 





input open - 


IMF Switching Time _ | Delay from 50% of CS to 
| | 90% of final IMF current 
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SSI 32R520/520R 
4-Channel Thin Film 
Read/Write Device 





PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: ja * 


TOP VIEW 
) | Flatpack | 105°C/W 


WSV RW 
HS1 HOX 
HS2 HOY 
WD H2X 
WD H2Y 

WUS H1X 
IMF H1Y 

VCC H3X 

RD H3Y 
RD GND 





24-Pin Flatpack 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 
SSI 32R520 Read/Write IC 


24-Pin Flatpack __ i SSI 32R520-F | SSI 32R520-F 
SSI 32R520R Read/Write IC with Damping Resistors 
24-Pin Flatpack 






































SSI 32R520R-F SSI 32R520R-F 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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s SSI 32R521/521R 
: ® Thin Film-6-Channel 
Sl ref! Read/Write Device 


DESCRIPTION FEATURES 


The SSI 32R521 is a bipolar monolithic integrated cir- ° High performance 

cuit designed for use with non-center tapped thin film Read mode gain = 100V/V 
recording heads. It provides a low noise read path, 
write current control, and data protection circuitry forup Input noise = 0.9nV/VHz maximum 
to six channels. The SSI32R521 requires +5V and Input capacitance = 65 pF 


+12V power supplies and is available in a variety of ; 
packages. The SSI32R521R differs from the Write current range = 20 mA to 70 mA 


SSI 32R521 by having 200Q internal damping resis- Head voltage swing = 3.4 Vpk 
lors. Write current rise time = 13 nsec 


e +5V,+12V power supplies 


e Includes write unsafe detection 





BLOCK DIAGRAM PIN DIAGRAM 


VDD vcci vcc2 GND WUS IMF 
LJ _d L_| | 3 


WRITE 
UNSAFE [| 
DETECTOR |" 


| MULTIPLEXER [ 





eee 
CURREN 
SOURCE 
28-LEAD PLCC 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32R521/521R 
Thin Film-6-Channel 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R521 functions as a write driver oras aread 
amplifier for the selected head. Head selection and 
mode control are described in Tables 1& 2. The inputs 
R/W, CS and WP have internal pull-up resistors to 
prevent an accidental write condition. 


WRITE MODE 


The Write mode configures the SSI 32R521 as a cur- 
rent switch and activates the Write Unsafe Detector. 
Head current is toggled between the X- and Y-direc- 
tions of the recording head on the falling edges of WDI, 
Write Data Input. The magnitude of the write current, 
given by: | | 


lw = “we 
Rwc 


is controlled by an external resistor, Rwc, connected 
from pin WC to GND. | 


Head Currentlx, y =_—w_ 
1+Rh/Rd 


Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. — 


¢ WDI frequency too low 

¢ Device in Read mode 

¢ Chip disabled 

- . No write current 

After fault condition is removed, two negative 


transitions on WDI are required to clear WUS. The 
Current monitor output (IMF) sinks one unit of current 


when the device is selected. This allows a multichip 
enable fault to be detected. 


NOTE: If it is desirable to initialize the Write Data flip- 
flop to pass current in the Y-direction of the head when 


entering Write Mode, the WDI input must go low in- 
_ Read mode for 20 ns minimum. 


READ MODE a 


Inthe Read mode, the SSI 32R521 is configured as a 


~ low noise differential amplifier, the write current Source 


and the write unsafe detector are deactivated, and-the 
write data flip-flop can be set. The RDX and RDY 
outputs are driven by emitter followers. They should be 
AC coupled to load. Note that the internal write current 
source is deactivated for both the Read and chip 
deselected modes. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


TABLE 1: Mode Select 
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SSI 32R521/521R 
Thin Film-6-Channel 
Read/Write Device 





TABLE 2: Head Select 











PIN DESCRIPTIONS 

















DESCRIPTION 
Head Select: selects one of six heads 


Chip Select: a high inhibits chip 


Read/Write: a high selects Read mode 
Write Protect: a low enables the write current source 
Write Unsafe: a high indicates an unsafe writing condition 


Or | Current Monitor Function: allows multichip enable fault detection 
— Write Data In: changes the direction of the current in the recording head 


HSO - HS2 





HOX - H5X 
HOY - H5Y 


RDX, RDY 


X, Y Head Connections: Current in the X-direction flows into the X-port 


X, Y Read Data: differential read data output 
Write Current: used to set the magnitude of the write current 
+5V Logic Circuit Supply 


+5V Write Current Supply | 


[eae 


*When more than one device is used, these signals can be wire OR’ed. 


VCC1 
VCC2 
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SSI 32R521/521R 
Thin Film-6-Channel 
Read/Write Device 





ABSOLUTE MAXIMUM RATINGS 





PARAMETER : SYMBOL VALUE UNITS 
-0.3 to +14 
| -0.3 to +7 





| voc | 
31047 | voc _| 
ptm 
peswvecws | voc 
/—a3.v0.0s | _voo 
ptm 
(+12 


DC 
DC 
A 
DC 
DC 
A 
A 

°C 





V 

V 

mM 

V 

V 

m 

ed : 
PARAMETER UNITS | 


DC Supply Voltage VDC 
voc 

| VDC 

°C 


em! 
er ee 





5 
Operating Temperature +25 to +135 | 


DC CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 





PARAMETER 


VDD Supply Current 


VCC Supply Current 


| Power Dissipation (Tj = +135°C) 
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SSI 32R521/521R 
Thin Film-6-Channel 
Read/Write Device 





DC CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 
Digital inputs a dneanaseconigeiisi 

Input Low Voltage (Vi) | | 88 

Input High Voltage (VW) | 

: Input Low Current VIL = 0.8V 







Input High Current VIH = 2.0V 


RDX, RDY Common 3 5 VDC 
Mode Output Voltage 








WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, and |W = 40 mA, Lh = 200 nH, 
Rh = 16Q, f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF, RL(RDX,RDY) = 1 KQ. 


= 

[Write Curent Votage Wwe | 

| DitferentialHead Votage Swing | | 

| UnselectedHead Curent | 

| Diferenial Output Capacitance | 

Differential Output Resistance 160 
iti 1.7 


WDI Transition Frequency WUS=low Lge | 
Write CurentRange | | 


READ CHARACTERISTICS ? 
Unless otherwise specified, recommended operating conditions apply. 


PARAMETER 3 CONDITIONS 
Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 
RL(RDX), RL(RDY) = 1 KQ 


Voltage BW -1dB |} |Zs| <5Q, Vin=1 mVpp 25 
| @ 300 KHz 
pep TCC 
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2 
30 
200 240 
70 
5 125 


0 
7 








Fete ee 


| Differential Input Resistance 521R, f = 5 MHz os 
521, f= 5 MHz 


Common Mode Rejection Ratio Vin=0VDC+100mVpp@5MHz 


: 
Input Bias Current 7s , | ra as 
| Dynamic Range DC input voltage where gain 
| falls to 90% of its 0 VDC value 
Vin=VDC+0.5mVpp, f=5MHz 
ee ae 
Power Supply Rejection Ratio 100 mVpp@5MHzonvbbD | 54 | 90 | 
| 100mVpp@5MHzonvcc | | 49 | 
Channel Separation | Unselected channels driven 45 
7 : with 100 mVpp @ 5 MHz .. . ‘ “ 
a Vin = 0 mVpp _ 
Output Offset Voltage po 860 
Single Ended Output Resistance | f=5MHz — | Pf 
| Output Current - | | AC Coupled Load, RDXtoRDY| 32 | | 


_ WDI to (Ix-ly) TD3 | From50% points 


SSI 32R521/521R 
Thin Film-6-Channel 
Read/Write Device 


READ CHARACTERISTICS (Continued). 


PARAMETER | a oe 
Input Noise Voltage BW = 15 MHz, Lh =0, Rn=0 
f= 








CONDITIONS 


Differential Input Capacitance 


re 7 
on) - 





































SWITCHING CHARACTERISTICS : 3 co fs 
Unless otherwise specified, recommended operating conditions apply, and IW = 40 mA, Lh = 200 nH, 


Rh = 16Q, f(Data)=5MHz. | 
| CONDITIONS | 
R/W to Write To 90% of write current | 
R/W to Read To 90% of 100 mV, 10 MHz Read 
Signal envelope — | 


CS to Select To 90% of write current 
CS 












PARAMETER > MIN | 


to Unselect = | To 90% of 100 mV, 10 MHz Read 
signal envelope 


HSO, 1, 2 to any Head ‘| To 90% of 100 mV, 10 MHz Read - 
signal envelope 
WUS | SafetoUnsafeTD1 | 
_ ‘UnsafetoSafeTD2 | 
Transition Time - Delay from 50% point of CS 
| to 90%of IMF current 


Head Current 

















IMF 






Asymmetry WDI has 50% duty cycle 
and ins rise/fall time 


10% - 90% points | 





_Rise/Fall Time, 
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SSI 32R521/521R 
Thin Film-6-Channel 
Read/Write Device 


HEAD 
CURRENT 


( Ix - ly) 





FIGURE 1: Write Mode Timing Diagram 


APPLICATIONS INFORMATION 


Read mode input port parameter limits, as given in the specifications, are over extremes of temperature, voltage 


- .and process. The tabulation below shows parameter correlation as a function of base sheet resistance, a 


processing parameter. Use of these limits, for worst case analysis, will be more representative of actual 
performance. 


oe | EXAMPLE 1: Base Sheet Resistance = Maximum 


PARAMETER — Tj=25°C | Tj=135°C | UNITS 
Input Noise Voltage (Maximum) | a nV/VHz 


2 j= 13 
Differential Input Resistance (Minimum) 521R © 146 
ozs | tz | 
Differential Input Capacitance (Maximum) 


EXAMPLE 2: Base Sheet Resistance = Minimum. | 


PARAMETER Tj = 25°C Tj = 135°C 


Differential Input Resistance (Minimum) 
60 
{ 
























jser | 600 | oof 
— tos Tse 











Differential Input Capacitance (Maximum) — 
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SSI 32R521/521R 
Thin Film-6-Channel 
Read/Write Device 





















PACKAGE PIN DESIGNATIONS $2823 3 = 
(Top View) ree 
HOY we f]s 5 25 || H1x 
HOX RW [}6 | 24] Hey 
H1Y ws {l7 | 23 [] Hex 
H1X HSO le | | 22 |] H3Y 
H2Y Hst [| 9 at [] H3x 
Hox HS2 |} 10 20 [|] H4Y 
BY WUS | | 14 19 | | H4x 
1314 15 17 
0 ee 
26298 8 £ 
H4Y > 
HaXx _ 28-Lead PLCC 
os - THERMAL CHARACTERISTICS: Qja 
5 
vcc2 75°C/W 
Pan PLCC |: ~65°C/W 
28-Lead SOL, _ | Flatpack 100°C/W 
Flatpack ~ : 
ORDERING INFORMATION 





6 - Channel Flatpack 


[ranvoesonerow —=SSCS~*dzSC« RY 
|ssigansot-Readwrieo | 
| 6 -ChannetSOL sO 

32R521-6CH 

_32R521-6F 

_ [Ss132R621R-with intemal Damping Resistors | 

— [6-ChannetsoL sd SSIS OREQIROL | 

~[6-Channelpco = s|_SS132R521R-6CH | 

















| 32R521-6L 


32R521R-6L 
- 32R521R-6CH 
32R521R-6F 





SSI 32R521R-6F 






No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 


in specifications at any time without notice. 
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DESCRIPTION FEATURES 


The SSI 32R5211 is abipolar monolithicintegratedcir-  ° 
cuit designed for use with non-center tapped thin film 
recording heads. It provides a low noise read path, 
write current control, and data protection circuitry forup 
to six channels. This device provides a high read mode 
gain of 150 V/V, making it ideal for use in applications 
with low signal output. The SSI 32R5211 requires +5V 
and +12V power supplies and is available in a variety 


of packages. 


High Performance: 
Read Mode gain = 150 V/V 


Input noise = 0.9 nV/VHz maximum 
Input Capacitance = 65 pF maximum 
Write current range = 20 mAto 70mA 
Head voltage swing = 3.4 Vpk 

Write current rise time = 13 ns 





RDX 
RDY 


WDI 


WP 
HSO 
HS1 


HS2 


WC 
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BLOCK DIAGRAM 


VDD vCCi VvCC2 GND WUS IMF 


MULTIPLEXER 


>| SOURCE 
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PIN DIAGRAM 





28-LEAD PLCC 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R5211 | 
Thin Film-6-Channel 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R5211 functions as a write driver or as a 
read amplifier for the selected head. Head selection 
and mode control are described in Tables 1& 2. The 
inputs R/W, CS and WP have internal pull-up resistors 
to prevent an accidental write condition. 


WRITE MODE 


The Write mode configures the SSI 32R5211 as a cur- 
rent switch and activates the Write Unsafe Detector. 
Head current is toggled between the X- and Y-direc- 
tions of the recording head on the falling edges of WDI, 
Write Data Input. The magnitude of the write current, 
given by: 


‘Iw=we 
Rwc 


is controlled by an external resistor, Rwc, connected 
from pin WC to GND. 


Head Currentlx, y =___W_ 
1 +RWRd 


Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 


¢« WODI frequency too low 
- Device in Read mode 
« Chip disabled 


-« No write current 


After fault condition is removed, two negative 


transitions on WDI are required to clear WUS. The 
Current monitor output (IMF) sinks one unit of current 
when the device is selected. This allows a multichip 
enable fault to be detected. 


NOTE: If it is desirable to initialize the Write Data flip- 
flop to pass current in the Y-direction of the head when 
entering Write Mode, the WDI input must go !ow in 
Read mode for 20 ns minimum. 


READ MODE 


In the Read mode, the SSI 32R5211 is configured as 
a low noise differential amplifier, the write current 
source and the write unsafe detector are deactivated, 
and the write data flip-flop can be set. The RDX and 
RDY outputs are driven by emitter followers. They 
should be AC coupled to load. Note that the internal 
write current source is deactivated for both the Read 
and chip deselected modes. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


TABLE 1: Mode Select 
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SSI 32R5211 
Thin Film-6-Channel 
Read/Write Device 


TABLE 2: Head Select 




















an ee Current Monitor Function: allows multichip enable fault detection 
wort 4 Write Data In: changes the direction of the current in the recording head 







X, Y Head Connections: Current in the X-direction flows into the X-port 
HOY - H5Y 


+5V Write Current Supply 


“When more than one device is used, these signals can be wire OR’ed. 
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SSI 32R5211 
Thin Film-6-Channel 
Read/Write Device 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER ; SYMBOL VALUE UNITS 


| vec | 0.310 +7 
Write Current ow mA 













, ee ee ce 
Digital Input Voltage -0.3 to VCC +0.3 


Head Port Voltage | -0.3 to VDD +0.3 


VDD 
Vcc 
IW : 
_ Vin 
VH 
ae <a ma an 5 
[swage temperature | tag | aso eiso | 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER | SYMBOL 
voor | 55% ~~ |_ oe 
voc 


DC CHARACTERISTICS : 
Unless otherwise specified, recommended operating conditions apply. 














PARAMETER 


VDD Supply Current 


VCC Supply Current 


Power Dissipation (Tj = +135°C) 
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SSI 32R5211 
Thin Film-6-Channel 
Read/Write Device 





DC CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS | oMIN: | MAX — UNITS 

Digital Inputs ae a ee 
Input Low Voltage (VIL) | voc | 
Input High Voltage (VIH) VCC+0.3 } vpc | 












Input Low Current VIL = 0.8V a ae 
Input High Current VIH = 2.0V | 100 | 


RDX, RDY Common aa 
Mode Output Voltage 
jol = 8 mA Poe 
IMF Output S=0 
5-1 td 
WRITE CHARACTERISTICS 


Unless otherwise specified, recommended operating conditions apply, and IW = 40 mA, Lh = 200 nH, 
Rh = 16Q, f(Data) = 5 MHz, CL(RDX, RDY) < 20 pF, RL(RDX,RDY) = 1 KQ. 


PARAMETER CONDITIONS 
Write Current Voltage Vwc be us, tl 
Differential Head Voltage Swing Pe 
Unselected Head Current ia 
Differential Output Capacitance Pd 


WA 














0 | 
100 

3 5 
0.5 

73 


Al Gl 
HT] It 







1.65+5% 


mA(pk 


Differential Output Resistance 
WDI Transition Frequency WUS=low 
Write Current Range ot 


READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 


PARAMETER CONDITIONS 
Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 120 180 VIV 
| RL(RDX), RL(RDY) = 1 KQ 
| Voltage BW -1dB | |Zs| <5Q, Vin=1 mVpp 10 MHz 
@ 300 KHz 


ee ee 


VDC 
VDC 
mA 
VDC 
VDC 
mA 
mA 
—_— ae eo 
ee ee ne 
es ee ee 
ae oe 
a ee ee ee 
re ee 
a ee 










1-129 





SSI 32R5211 
Thin Film-6-Channel 
Read/Write Device 


READ CHARACTERISTICS (Continued) | 


CONDITIONS ~ me 


Input Noise Voltage ~ BW = 15 MHz, Lh = 0, Rh=0 


Differential Input Capacitance — f =5 MHz 
















Differential Input Resistance ~~ 5211, f = 5 MHz | 


DC input voltage where gain 
- falls to 90% of its 0 VDC value 
Vin=VDC+0.5mVpp, f=5MHz | 


Power Supply Rejection Ratio | 100 mVpp @ 5 MHz on VDD 
oF 100 mVpp @ 5 MHz on VCC 


Channel Separation Unselected channels driven 
| | with 100 mVpp@5MHz 
| Vin =0mVpp a 


Output Offset Voltage De cel 
single Ended Output Resistance | f= 5 MHz 


Output Current AC Coupled Load, RDX to RD 






















w 
Oo 





oO 
Oo ; 








SWITCHING CHARACTERISTICS | ae 
Unless otherwise specified, recommended operating conditions apply, and IW = 40 mA, Lh = 200 nH, 
Rh = 16Q, f(Data) = 5 MHz. | _ 












PARAMETER 


CONDITIONS 
| R/Wto Write To 90% of write current fh cose i 
-R/W to Read To 90% of 100 mV, 10 MHz Read 
signal envelope 


CS to Select To 90% of write current 
C 


CS to Unselect To 90% of 100 mV, 10 MHz Read 





Ea 
mn)” 


: 
n 


A 
1¢7] 


wo 
o 

: 
n 


wus | Safe to Unsafe TD1 
UnsafetoSafeTD2 [ 


| ‘signal envelope 


HSO, 1, 2 to any Head To 90% of 100 mV, 10 MHz Read — 
| signal envelope 











IMF _ Transition Time Delay from 50% point of CS 


to 90%of IMF current 


Head Current : a | | 
_ From 50% points | 


WDI has 50% duty cycle 
and 1ns rise/fall time 


‘10% - 90% points 





Gd) 
ae) 


ra = 3 ae aN 
A 
[¢2) 


- _WDI to (Ix-ly). TD3 
Asymmetry 













\¢%) 


e a 
oO 





Rise/Fall Time 
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SSI 32R5211 
Thin Film-6-Channel 
Read/Write Device 


HEAD 
CURRENT 


(Ix- ly) 





FIGURE 1: Write Mode Timing Diagram 
APPLICATIONS INFORMATION 


Read mode input port parameter limits, as given in the specifications, are over extremes of temperature, voltage 
and process. The tabulation below shows parameter correlation as a function of base sheet resistance, a 
processing parameter. Use of these limits, for worst case analysis, will be more representative of actual 
performance. 


EXAMPLE 1: Base Sheet Resistance = Maximum 


PARAMETER | | Tj = 25°C Tj = 135°C UNITS 
Input Noise Voltage (Maximum) oe =f los nV/VHz | 


Differential Input Resistance (Minimum) 1025 1240 
Differential Input Capacitance (Maximum) 


EXAMPLE 2: Base Sheet Resistance = Minimum 


PARAMETER Tj = 25°C Tj = 135°C UNITS 
Differential Input Resistance (Minimum) ee ee er 
Differential Input Capacitance (Maximum) 
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SSI 32R5211 
Thin Film-6-Channel 
Read/Write Device 


















PACKAGE PIN DESIGNATIONS $2823 8 = 
(Top View) 4 3 2 1 
We HOY we [|5 2s [] Hix 
VOD HOX RW [6 24 || H2Y 
_ GND H1Y cs {7 23 [] Hex 
WD! H1X HSo |} 8 | 22 [] H3Y 
WP HoY HS1 || 9 21 [] H3x 
RAW H2Xx HsS2 || 140 20 || H4Y 
CS Hay wus | | 11 19 [| H4x 
1314 15 17 
Hso H3Xx | = 
=o¢4 8 8 & #2 
HS1 HAY > S$ 
HS2 H4Xx 28-Lead PLCC 
wus H5Y | ; 
THERMAL CHARACTERISTICS: Oja 
IMF H5X 
RDX vec2 28-Lead 75°C/W 
i wevs ~ PLCC 65°C/W 





28-Lead SOL 





ORDERING INFORMATION 









PART DESCRIPTION ORDER NO. PKG. MARK 






SSI 32R5211 - Read/Write IC 


6 - Channel SOL | ~ §SI32R5211-6L 32R5211-6L > 
6 - Channel PLCC SSI 32R5211-6CH 32R5211-6CH 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32R522/522R Read/Write devices are bipolar 
monolithic integrated circuits designed for use with two 
terminal thin film recording heads. They provide a low 
noise read amplifier, write current control and data 
protection circuitry for as many as six channels. They 
require +5V and +12V power supplies and are avail- 
able in a variety of package and channel configura- 
tions. The 32R522R option provides internal 1000Q 
damping resistors. 


BLOCK DIAGRAM 


VDD vcci1 vcce2 GND WUS IMF 


WRITE 
‘| UNSAFE 
4 DETECTOR 


MULTIPLEXER 


CURRENT 
SOURCE 








SSI 32R522/522R 
4, 6-Channel Thin Film 
Read/Write Device 





June, 1989 
FEATURES 


¢ High performance 
Read mode gain = 100V/V 
Input noise = 1.0nV/VHz maximum 
Input capacitance = 32 pF 
Write current range = 6 mA to 35 MA 


¢ Compatible with two & three terminal thin film 
heads 


* Programmable write current source 
¢ Write unsafe detection 
* TTL compatible control signals 


e 645V, +12V power supplies 





PIN DIAGRAM 


WC HOY 
VDD HOX 
GND H1Y | 

WD! H1X 
WP H2Y 
R/iW H2X 
cs H3Y 
HSO H3X 
HS1 H4Y 
HS2 H4X 
WUS H5Y 

IMF H5X 
RDX vCC2 
RDY VvCC1 





CAUTION: Use handling procedures necessary 
for a static sensitive component. 


-§S132R522/522R 
4, 6-Channel Thin Film 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R522 addresses up to six two-terminal thin 
film heads providing write current drive-or read ampli- 
fication. Head selection and mode control is accom- 
plished with pins. HSn, CS and R/W, as shown in 
Tables 1 & 2. 
pins CS, R/W and WP will force the device into a non- 
writing condition if either control line i is opened acciden- 
ie 


WRITE MODE 


The write mode configures the SSI 32R522 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each high 
to low transition on pin WDI, Write Data Input. 


The magnitude of the write current (0-pk) given by: 


lWw= Vwe 
RWC 


where Vwce (WC pin voltage) = 1.7V + 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 


a single RWC resistor may be made common to all | 


devices. The actual head current Ix, y is given by: 


Ix, y=. Lw 
1 + Rh/Rd 


where: 
Rh = Head resistance + _ external wire resistance, and 
Rd = Damping resistance. 


The write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on 
pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 


¢ WDI frequency too low 
* Device in read mode 

* Device not selected 

* No write current 


Internal resistor pullups, provided on | 


A multiple device enable condition can be detected by 
monitoring the voltage across a resistor connected 
from VCC to the wire OR’ed IMF (Current Monitor 
Function) pins. Pin IMF sinks one unit of current when 


_ the device is enabled. 


To initialize the Write Data Flip Flop (WDFF) to pass 


current through the Y- direction of the head, pin WDI 


must be low when the ewan read mode was com- 
manded. 


READ MODE 


The read mode configures the SSI 32R522 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe circuitry. The RDX 
and RDY outputs are emitter followers and are inphase 
with the "X" and "Y" head ports. These outputs should 
be AC coupled to the load. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 


facilitates multiple device applications by enabling the . 


read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


- TABLE 1: Mode Select 
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SSI 32R522/522R 
4, 6-Channel Thin Film 
Read/Write Device 





TABLE 2: Head Select 





0 = Low level, 1 = High level, X = Don’t care 


PIN DESCRIPTIONS 


HSO - HS2 












/O 


DESCRIPTION 
Head Select: selects one of six heads 


Chip Select: a low level enables the device 
Read/Write: a high level selects read mode 
Write Protect: a low level enables the write current source 


Write Unsafe: a high level indicates an unsafe writing condition 
Current Monitor Function: allows multichip enable fault detection 


Write Data In: a negative transition toggles the direction of the 
head current ; 


HOX - H5X V/O X, Y Head Connections: Current in the X-direction flows into the 
HOY - H5Y X-port | 


RDX, RDY X, Y Read Data: differential read data output 


Write Current: used to set the magnitude of the write current 
VCC1 


+5V Logic Circuit Supply 
[veces] 








ws 


+5V Write Current Supply 
+12V 
Ground 


“When more than one device is used, these signals can be wire OR’ed. 
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SSI 32R522/522R 
4, 6-Channel Thin Film 
Read/Write Device 


ABSOLUTE MAXIMUM RATINGS 








PARAMETER — 


VALUE 
DC Supply Voltage — | | vp -0.3 to +14 


VDC 
vect, 2 
mA 
VDC 
mA 
mA 
°C 


Write Current 


SYMBOL 
VDD 
Vin 
VH 


Output Current RDX, RDY 


| ow 100 
Digital Input Voltage | Vin | 
Head Port Voltage _ | VH | -03tovpp+03 | voc 
ptm 
| | wus | ts | tL mA 


Storage Temperature | -65 to +150 Ce 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL Ee. | 
__voe 
Tj 
















PARAMETER 


DC Supply Voltage 





voce [28% | vee 
Operating Temperature | ; 7 | +25 to +135 


_ DC CHARACTERISTICS | b+ 3 
~ Unless otherwise specified: recommended operating conditions apply. 


CONDITIONS 


| Read Mode 
| Write Mode 













PARAMETER 





VDD Supply Current 


ool 
| - | 38 
fidleMode = CT Tm 
| _Write Mode |= | 4o4iw | ma _| 
fidieMode CTC mA 
Power Dissipation (Tj=+135°C) |ReadMode = ss ——‘iLS = | 800 S| mF 
- | WriteMode,w=35mA || - | 950_—| mW __ 
fidieMode is | 00S] mw _ 
Finputtow Vonage vu) —=S«dSSS*~<C~*~<~*~S Sid; 
|InputHigh Voltage (VIH) | EO - 
|InputLow Current (IIL) | WiL=08V0 TH | | mA 





Input High Current (IIH) 
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SSI! 32R522/522R 
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Read/Write Device 





DC CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 


IMF Output Current 





WRITE CHARACTERISTICS 
Unless otherwise specified: recommended operating conditions apply, lw = 10 mA, Lh=1.5 pH, 
Rh = 30Q and f(Data) = 5 MHz. | 


PARAMETER CONDITIONS MN TYP 






[we Pinvotage(vwe) | st tot | | 170 
-DiterenialHeasivokage Swing ff a4 | 
lw = 50 mA ee ee ae a ae 
[Differential Output Capacitance | | 8 

35 





pF 
Differential Output Resistance 32R522R 1000 Q 
32R522 2400 Q 





Feed 
ia 
rnin: a ARTS SS MN ES i ae 


READ CHARACTERISTICS 


Unless otherwise specified: recommended operating conditions apply, CL(RDX, RDY) < 20 pF and 
RL(RDX, RDY) = 1 KQ. 


PARAMETER CONDITIONS 
Differential Voltage Gain Vin = 1 mVpp @ 300 KHz 


| or 
















| =| MHz 
. | =| MHz 
Input Noise Voltage BW = 15 MHz, Lh = 0, Rh=0 nV/VHz 


Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz 















Dynamic Range 


DC input voltage where gain 
Common Mode Rejection Ratio = | Vin=0VDC+100mVpp@5MHz 54 
4 


Differential Input 32R522R | Vin=1mvVpp, f = 5 MHz 460 
Resistance = 
falls to 90% of its 0 VDC value, 
Power Supply Rejection Ratio 100 mVpp @ 5 MHz on VDD 5 
100 mVpp @ 5 MHz on VCC 


32R522 | Vin=1mVpp, f = 5 MHz 
| -3 
Vin = VDC + 0.5 mVpp, f = 5 MHz 
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SSI 32R522/522R 
4, 6-Channel Thin Film 
Read/Write Device 


READ CHARACTERISTICS (Continued) 






PARAMETER TEST CONDITIONS . | MIN, | MAX. | 


Channel Separation Unselected channels driven 45 
with 100 mVpp @ 5 MHz, 
Vin = 0 mVpp. 


Single Ended Output Resistance f=5 MHz | - | 30 | 
Output Current AC Coupled Load, RDX to RDY 


SWITCHING CHARACTERISTICS | 7 
_ Unless otherwise specified: recommended operating conditions apply, IW=10mA, Lh=1.5yH,  -- 
Rh = 30Q and f(Data) = 5 MHz. Reference Figure 1. Sag Fig 


PARAMETER CONDITIONS | MIN | 


R/W 









































| _ RW to Write Mode Delay to 90% of write current ee 
R/W to Read Mode Delay to 90% of 100 mV, 10 MHz 0.6 Us 
| | Read signal envelope or to 90% | 
decay of write current 
CS to Select | Delay to 90% of write current or to. - 1 US 
| 90% of 100 mV, 10 MHz Read —_ 
signal envelope | | | 





| 


| Sto Unselect. _ Delay to 90% of write current oe ie 


~ HSO, 1, 2 to any Head Delay to 90% of 100 mV, 10 MHz 0.4 “us 
| Read signal envelope | 


Safe to Unsafe-TD1 ee ee ee 
| 








Unsafe to Safe-TD2 
IMF 
Propagation Delay 


Delay from 50% point of CS to 
90% of IMF current 









Head Current 


| __ Prop. Delay-TD3__ From 50% points, Lh=Ouwh, Rh=00 
| WDI has 50% duty. cycle and 
ins rise/fall time, Lh=Ouh, Rh=0Q 










| Rise/Fall Time 
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SSI 32R522/522R 
4, 6-Channel Thin Film 
Read/Write Device 








HEAD 
CURRENT 
( Ix - ly) 







FIGURE 1: Write Mode Timing Diagram 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


PARAMETER | | | Tj = 25°C Tj = 135°C UNITS 
Input Noise Voltage (Max.) 0.76 nV/VHz 
Differential Input Resistance (Min.) 32R522R 6 | os | a 
28 


9) 
1455 QO 
F 


ee 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 
UNITS 


PARAMETER Tj = 25°C Tj = 135°C 


Differential Input Resistance (Min.) 32R522R 26 ae 
Differential Input Capacitance (Max.) 
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32R522 1245 


02 
25 











Differential Input Capacitance (Max.) 





~ 
< 
i 
N 





Q 
QO 








SSI 32R522/522R 
4 or 6-Channel Thin Film 
Read/Write Device 





PACKAGE PIN DESIGNATIONS 












ra] 

= 

_ 
4 


|| GND 
~ [] vo 
. f] we 
| | HOY 
| | HOX 
|| H1Y 








(TOP VIEW) | 
we [|5 25 [] H1X 
me me Sea : ‘vpp RW [6 24 [] HY 
VDD HOX or ie ts [\7 23 [] H2x 
GND H1Y | i Hl Hso [| 8 22 |] H3Y 
WD! H1X we ney, HS1]]9 21 [] H3x 
WP | Hay RW [______}4 HOX Hse | 40 20 [] Hay 
RW Hx cs H1Y wus |] 11 19 [] H4x 
13 (14 17 18 
Cs H3Y HSO Hix CCT oT rare 
HSO H3X = 5 3 8 8 fs & 
HS1 H2Y ee Ui ae 
HS1 H4Y ge ioe . 
HS2 Hax. 28 - LEAD PLCC 
WUS H3Y 
wus H5Y 
IMF HBX ee ae THERMAL CHARACTERISTICS: 6ja 
RDX vece2 DX vCC2 24 - Lead FLAT PACK 105°C/W 
RDY VCC1 RDY VCC1 28 - Lead SOL 70°C/W 
| 28 -Lead PLCC | 65°C/W 
28 - LEAD SOL 24 - LEAD FLATPACK 
ORDERING INFORMATION 


PART DESCRIPTION | ORDER NO. | PKG.MARK 


SSI 32R522 - Read/Write IC 
_ 4- Channel Flat Pack 
6 - Channel SOL 
6 - Channel PLCC 


SSI 32R522R- w/Internal Damping Resistors 
4 - Channel Flat Pack 
6 - Channel SOL 
6 - Channel PLCC 


SSI 32R522 - 4F 
SSI 32R522 - 6L 
SSI 32R522 - 6CH 


SSI 32R522R - 4F 
SSI 32R522R - 6L 


SSI 32R522R - 6CH 





32R522 - 4F 
32R522 - 6L 
32R522 - 6CH 


32R522R - 4F 
32R522R - 6L 
32R522R - 6CH | 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or ttademarks of SSi. SSi reserves the right to make changes 


in specifications at any time without notice. 
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SSI 32R524R 
Ly ® 8-Channel Thin Film 
Jl of! Read/Write Device 


June, 1989 
DESCRIPTION FEATURES 
The SSI 32R524R Read/Write device is a bipolar ¢ High performance: 
monolithic integrated circuit designed for use with Read mode gain = 100V/V 
two terminal thin film recording heads. It provides alow Input noise = 0.75 nV/VHz max. 
noise read amplifier, write current control and data Input capacitance = 60 pF max. 
protection circuitry for eight channels. Power supply Write current range = 20 to 60 mA 
fault protection is provided by disabling the write cur- Head voltage swing = 7 Vpp 
rent generator during power sequencing. Systemwrite Write current rise time = 9 nsec 


to read recovery time is significantly improved by 
controlling the read channel common mode output 
voltage shift in the write mode. It requires +5V and ¢ Power supply fault protection 


+12V power supplies and is available in a variety of  , Plug compatible to the SSI 32R501, SSI 32R511 & 
package configurations. A mirror image pinout option SSI 32R512 


is available to simplify flex circuit layout in multiple R/W : ; 
device applications. The SSI 32R524R providesinter- | ° Compatible with two & three terminal thin film heads 


nal 740Q damping resistors. ® Write unsafe detection 
e +5V,+12V power supplies 
¢ Mirror image pinout option 


¢ Enhanced system write to read recovery time 








BLOCK DIAGRAM PIN DIAGRAM 
voD1 vcc GND wus voD2 
HOX 1 1 
HOY 2 2 
WRITE 
UNSAFE HiX 3 3 
DETECTOR ; HOX 
H1Y 4 4 
HOY 
” H2X 5 5 
fotcy H1X H2Y 6 6 
ROX () — ae HIY H3x [] 7 7 
. “och MULTIPLEXER [¢2.. 
RDY — oN H3Y {] 8 8 
ee H2X 
H4X 9 9 
H2Y 
H4Y 
H3X Le 
, H3Y HSY 
WRITE |.” 
| CURRENT |°:: : ia H6X 
SOURCE |. eS Hay ney 
H5X H7X 
HSO H5Y H7Y 
HS1 H6X 
ee pas 32-LEAD SOW 32-LEAD SOW 
ne . MIRROR 





- eo eree = CAUTION: Use handling procedures necessary 
0689 1-141 for a static sensitive component. 


SS132R524R 
8-Channel Thin Film — 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R524R addresses eight two-terminal thin 
film heads providing write drive or read amplification. 
Head selection and mode control is accomplished with 
pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32R524R as a 
differential current switch and activates the Write Un- 
safe (WUS) detection circuitry. Write-current is toggled 
between the X and Y directions of the selected head on 
each high to low transition on pin WDI, Write Data 
Input. 


A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, which is defined as entering from 
the Y-side and flowing to the X-side. 

The magnitude of the write current (0-pk) given by: 


where K (Write Current Constant) = 70 + 5%, is pro- 
grammed by an external resistor RWC, connected 


_ from pin WC to ground. The actual head current Ix, y 


is given by: 
| W, y - Ww 
1+RhWRd 
where: 


Rh = head resistance + external wire resistance, and | 


Rd = damping resistance. 


Power supply fault protection improves data security 


by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 


conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions on — 


pin WDI, after the fault is corrected, are required to 
clear the WUS flag. 


- Open head © Device in read mode 
« WDI frequency too low «+ Nowrite current — 
« Device not selected 


~ Power dissipation in Write Mode may be reduced by 


placing aresistor, Rw, between VDD1 and VDD2. The 
resistor value should be chosen such that lw Rw<3.0V 
for an accompanying power dissipation reduction of 
(lw)?Rw. If a resistor is not used, VDD2 should be con- 
nected to VDD1. Note that Rw will also provide current 
limiting in the event of a head short. | 


READ MODE 


The read mode configures the SSI 32R524R as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection Circuitry. 
The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is.maintained in the write 
mode, minimizing the transient between write mode 
and read mode, substantially reducing the write to read 


recovery time in the subsequent Pulse Detection cir- 


Ccuitry. 


IDLE MODE 


‘The idle mode deactivates the internal write current 


generator, the write unsafe detector, and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enaene the 
read outputs to be wire OR’ed. 


TABLE 1: Mode Select 








0 = Low level, 1 = High level 
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PIN DESCRIPTIONS 
HSO - HS2 ae ae Head Select: selects one of eight heads 
cS Chip Select: a low level enables the device 
PRW Read/Write: a high level selects Read Mode 
WUS Write Unsafe: Open collector output, a high level indicates an unsafe 
writing condition 
WDI Write Data In: a negative transition toggles the direction of the 
head current 
HOX - H7X — VO X, Y Head Connections: Current in the X-direction flows into the 
HOY - H7Y X-port 
RDX, RDY | O* | __X, Y Read Data: differential read data output 


Write Current : used to set the magnitude of the write current 
+5V Logic Circuit Supply : 


VDD2 fos Positive Power Supply for Write current drivers 


GND Ground 
* When more than one R/W device is used, these signals can be wire OR'ed. 


VCC 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 7 SYMBOL VALUE 


DC Supply Voltage VDD1, 2 -0.3 to +14 


. 
[Write Curent Tw nm 
[HeadPotVotage | WH | Oto von2+03 | woo | 
pe 
°C 













V 

V 
100 m 

V 

V 

V 
om 
| wus | ows Hem 


Storage Temperature -65 to +150 ae 
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RECOMMENDED OPERATING CONDITIONS oe : 
PARAMETER | | SYMBOL VALUE UNITS 
DC Supply Voltage | 7 VDD1 12+ 10% VDC 

| | | VDb2 >VDD1 - 3.0V VDC 


| | __ 5+ 10% vDC 
Junction Temperature | | Tj +25 to +135 °C 


DC CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 































































a 
VDD1 Supply Current |ReadMode ss || - '| - | 50 | ma _| 
) | WriteMode | - | CC] 45 | mA 
= __| Idle Mode p> | - | 2 | m_| 
VDD2 Supply Current Read Mode | - | - | 200 | pA | 
: | WriteMode | - | | 0.4 | mA _ 
, | IdleMode =“ | | | C= | 200 | A 
VCC Supply Current | ReadMode = “ss | - | C- CO 
| WriteMode = | - | C-  | 50 | CMA _ 
|idleMode = (“ss | - | CU] | mA 
Power Dissipation (Tj=+135°C) | ReadMode  —=s—s—s||_ - =| - (| 900 
Write Mode Iw = 40mA, +2 * Lee! 
VDD2 = VDD1 | 
Write Mode Iw = 60mA, Poe * Sees oe 
VDD1 - VDD2 = 3.0V 
+e Mode __{_-_|_-_}_s00_|_m_ 
Input Low Voltage (VIL) ee eel Ee | O68. | VDC | 
|InputHigh Voltage(viH) = | C—“‘“*dC CO | - CL hC- CY C C 
Input Low Current (IIL jVil-osv = “ss | 8 | - | - | m_| 
| Input High Current (IHL) wits 20y _}_-_}___1_100_1_A 
WUS Output Low Voltage (VOL) |. | 05 | voc 
|VDDFauttVoitage === (“ass | i ttsti‘C;C*r CS | - C| ltO0 | CY 
| VCC Fault Voltage pl | | | vr 
ae Fad ol 
0<VDD1 <8.5V Sah 
Read/Idle Mode | 
O<VCC <5.5V 


OsVDD1 <13.2V 
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WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, lw = 40mA, Lh = 500nH, Rh = 3 
Write Current Constant "K" 


and f(WDI) = 5MHz. 
CONDITIONS 
Differential Head Voltage Swing 


Unselected Head Current 
Differential Output Capacitance 
Differential Output Resistance ne ogee te 


WDI Transition Frequency WUS = low 
Write Current Range iit 


PARAMETER 









oO 
ye) wok, 
wy | O&O 











READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, CL (RDX, RDY) < 20pF and 
RL (RDX,RDY) = 1KQ. 


PARAMETER CONDITIONS 


Differential Voltage Gain 
Bandwidth 


Vin = 1 mVpp, f = 5 MHz 
Vin = 1 mVpp, f = 5 MHz 


DC input voltage where gain 
falls to 90% of its 0 VDC value, 
Vin = VDC +0.5 mVpp, f = 5 MHz 


Vin = 0 VDC+100 mVpp @ 5 MHz 


100 mVpp @ 5 MHz on VDD1 
100 mVpp @ 5 MHz on VCC 


Unselected channels driven 
with 100 mVpp @ 5 MHz, 
Vin = 0 mVpp 


| ReadMode |. 
[AC CounledLead AOXio ROY | 8 





ie) NO 
ae) PO 
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| PARAMETER CONDITIONS 


| Rise/Fall Time 10%-90% points, 
aie: HnY)=10Q 


SSI 32R524R | 
8-Channel Thin Film 
Read/Write Device 


SWITCHING CHARACTERISTICS (See Figure 1) YS 
Unless otherwise specified, recommended operating eonediens apply, lw = 40mA, Lh = 00nH, Rh= 300 
and f(WDI) = 5MHz. a4 | 









a F 
RW to Write Mode Delay to 90% of write current 


Delay to 90% of 100mV 10MHz 
Read signal envelope or to 90% 
decay of write current 




















CS to Select 






Delay to 90% of write current or to 
90% of 100mV 10MHz Read 
signal envelope 


= to Unselect cine to 10% of write current 


HSO, 1, 2 to any Head ——— to 90% of 100mV 10MHz | 
Read signal envelope 





Unsafe to Safe - TD2 
Head Current 


Prop. Delay - TD3 From 20% points, Lh= Ouh, Rh=0Q 


Asymmetry WDI has 50% duty cycle and 


Ins rise/fall time, Lh=OQuwh, Rh=0Q 


Rise/Fall Time 10%-90% points, Lh= aiusall Rh=0Q 


Sate to Unsafe - TD1 San 





silanes 
WUS 


TD3 


HEAD ° 
CURRENT 
(Ix - ly) 





FIGURE 1: Write Mode Timing Diagram 
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APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 














Input Noise Voltage (Max. a Cie: 
Differential Input Resistance (Min.) a 


Differential npel Capacitance (Max.) 





PARAMETER | = 135°C 
Input Noise Voltage (Max. a 
Differential Input Resistance (Min. ae ae ae 


Differential Input Capacitance (Max.) 
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PACKAGE PIN DESIGNATIONS 





(TOP VIEW) 
Hox [] 1 1 ‘Hox [J 1 GND ff 1 
Hoy [| 2 a: HOY [] 2. Nc [| 2 
Hix [| 3 3 HiX [] 3 Nc [| 3 
H1Y [] 4 4 H1Y [|] 4 cS] 4 
H2x [| 5 5 Hex [] 5 RW 5 
H2Y | 6 6 H2Y [| 6 we [| 6 
H8X 7 , H3Xx [} 7 RDY [| 7 
H3Y ff 8 8 Hay [] 8 ROX [| 8 
Hax G 8 9 H4x [] 9 HSo [] 9 
Bass H4Y HS1 
H5X H5X HS2. 
Hee H5Y [] vcc 
Hex HEX | ai 
pie Hey [ WUS 
ne H7X Nic 
ee : H7Y VDD1 
32-LEAD SOW 32-LEAD SOW Nic _-vob2 
MIRROR | | 


THERMAL CHARACTERISTICS: 6ja 34-LEAD SOL 34-LEAD SOL 
MIRROR 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 
SSI 32R524R 8-Channel SOW SSI 32R524R-8W 32R524R-8W 
8-Channel SOL | SSI 32R524R-8L 32R524R-8L 
SSI 32R524RM 8-Channel SOW SSI 32R524RM-8W 32R524RM-8W 
8-Channel SOL SSI 32R524RM-8L 32R524RM-8L 












No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION FEATURES 


The SS! 32R525 is an integrated read/write circuit ° High performance 
designed for use with non-center tapped thin film 


heads in disk drive systems. Each chip controls four Read Mode Gain = 125 V/V nominal 
heads and has three modes of operation: read, write, Input Noise = 0.8 nv/VHz max 
and idle. The circuit contains four channels of read 
amplifiers and write drivers and also has an internal input Capacitance = 35 pF max 

ri rren rce. 
eee none Write Current Range = 25 mA to 40 mA 
A current monitor (IMF) output is provided that allows Write Current Rise Time = 10 nsec max 
a multichip enable fault to be detected. An enabled ; 
chip’s output will produce one unit of current. An open Head Voltage Swing = 3.8 Vpp min 


collector output, write select verify (WSV), will go low if 
the write current source transistor is forward biased. ° Write unsafe detection 
The circuit operates on +5 volt, and -5 volt power and 





is available in 24-pin Flatpack and SOL packages. * -5V, +5V power supplies 
BLOCK DIAGRAM PIN DIAGRAM 

VEE GND VCC WCR GND VEE 

: “J Le S a wc ae A ———— cs 

HSL HEAD SELECT : wsv C13 2 24 23 aa) RW 

s HS1 Luu 14 aif.) «HOX 

HS2 LS |__| HOY 

RD Ch PREAMPLIFIERS Wo C16 -——_ Hex 
RD : AND 


WRITE [aaa pee aed 
CURRENT WD 7 H2Y 
SWITCHES 


(4-CHANNELS) 


pd CHIX 


pd UHY 





vec [10 3, 12 «+13 «14 15) H3x 
RD ——— /L_—_, H3Y 
RO WCR 


24-Pin Flatpack 


wc 


WRITE 


| TRANSITION f 
| DETECTOR | 


ts MODE : WRITE 
Ee SELECT & : FAULT 
RW CE INDICATE | DETECTOR 





CAUTION: Use handling procedures necessary | 
IME WSV WUS for a static sensitive component. 
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FUNCTIONAL DESCRIPTION | 


WRITE MODE 


In Write Mode (R/W and GS low) the circuit functions as 
a differential current switch. The Head Select Inputs 
(HS1 and HS2) determine the selected head. The write 
current magnitude is adjusted by an external resistor 
Rex from WC to Vcc. 


80 
lw =——— Adc 
Rex 


WRITE MODE FAULT DETECT CIRCUIT 


Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high 
(off) level will be present at the Write Unsafe (WUS) 
terminal if any of the following write fault conditions are 
present: 


¢ Open head circuit 

¢ Head shorted to ground 

¢ No write current 

e Write current transition frequency too low 
- Head select input(s) open circuit 

e Write mode not logically selected 


The Write Unsafe output is open-collector and is usU- | 
ally terminated by an external resistor connected to - 


Vec. 


READ MODE 


In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RD, RD) are 
open collector, requiring external load resistors con- 
nected to Vcc. The amplifier gain polarity is non— 
inverting between HX, Y inputs and RD outputs. | 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RD and RD outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wired OR’ed. 


_ MODE SELECTION AND INDICATION CIRCUIT 


Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are 
described in Tables 1 and 2. 


Selection of the write mode is indicated by a low (on) 
state of the Write Select Verify (WSV) terminal. The 
open collector output is usually terminated by an exter- 
nal resistor connected to Vcc. | 


The selection of either the write or read mode is 
indicated by the flow of a unit of current into the Current 
Monitor (IMF) terminal. By summing the currents from 
multiple circuits, the user can determine that one, and 
only one, circuit is active. , 


The mode select inputs have internal pull up circuits so 
that if an input is open it will rise to the upper logic level. 


Table 1: Head Select Table 








Select Fault Outp - 

Mode | IMF | WSV | WUS 
eb ot 
odd [on | off | of | 

[0 | Write [en] “en | ont | 


-*Provided that no fault is detected. 
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PIN DESCRIPTIONS 


NAME TYPE DESCRIPTION 


CONTROL INPUT PINS 


cS Chip Select input. A logical low level enables the circuit for a read or write 
operation. Has internal pull up. 

R/W Read/Write select. A logical low level enables the write mode (when CS is 
low). Has internal pull up. 


HS1,HS2 Head Selectinputs. Logical combinations (Table 1) select one of four heads. 
HEAD TERMINAL PINS 


HOX - H3X VO Connection to read/write magnetic head terminals 
HOY - H3Y 


DATA INPUT/OUTPUT PINS 


WD, WD Differential Write Data inputs used to write data patterns on the disk 


RD, RD Differential Read Data pattern output amplified playback from the disk. 
These outputs are normally terminated in 100Q resistors to Vcc. 
EXTERNAL COMPONENT CONNECTION PINS 
Resistor connected to Vee to provide desired value of write current 







































QO 












CURRENT MONITOR PINS 
Write Select Verify is anopen collector output with the on state indicating that 
the circuit has been selected for a write operation. It is normally terminated 


WSV 
to +Vcc through a resistor. 
WUS Write Unsafe is an open collector output with the off state indicating that 
conditions are not proper for a write operation. 









POWER, GROUND PINS 


MF High impedance output sinks a unit of monitor current when the chip is 
enabled. 





Positive power supply voltage for circuit functions 
Negative power supply voltage 


wor | 





Write Current Connection to power supply common 
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ELECTRICAL CHARACTERISTICS 7 | 
Unless otherwise specified, 4.75 < VCC < 5.20, -5.50 < VEE < -4.75V, 0° < T (junction) < 125°C. 


ABSOLUTE MAXIMUM RATINGS 

PARAMETER | 

Positive Supply Voltage, Vcc | | 

Negative Supply Voltage, VEE | 

Operating Junction Temperature — -20 to +130 


Storage Temperature ~ -65 to +150 °C 
Lead Temperature (Soldering, 10 sec) pw 


Input Voltages 


Head Select (HS) 
Chip Enable (CS) = 
~~ Read Select (FW) 

Write Data (WD, WD) a -VeE to 0.3 


Head Inputs (Read Mode) 


Read Data (RD, RD) Vec-2.5toVec+0.3 | 


Write Unsafe (WUS) -0.4V to Vcc + 0.3 and 20 mA 
Write Select Verify (WSV) a -0.4V to Vcc + 0.3 and 20 mA 
Current Monitor (IMF) -0.4 to Vcc + 0.3 





-100 mAto 1.0 mA 


-1.0 mA to 5.0 MA 
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DC CHARACTERISTICS 


PARAMETER 


High Level Input Voltage = (VIH) 
(CS, R/W, HS1, HS2) 


CONDITIONS UNIT | 










Low Level Input Voltage 
(CS, R/W, HS1, HS2) 


(VIL) 











NO 
Oo 


| High Level Input Current 
(CS, R/W) 


Low Level Input Current 
(CS, R/W) 


(IIH) 
(VIH=2.7V) 






(IIL) -400 


(VIL=0.4V) 





ae 
ae 
Lescafoosnd 
code! 
High Level Input Current (IIH) 250 LA 
(HS1, HS2) (VIH=2.7V) 
Low Level Input Current (IIL) 250 LA 
(HS1, HS2) (VIL=0.4V) 
High Level Input Voltage = (VIH) -1.0 V 
(WD, WD) 
Low Level Input Voltage (VIL) -1.5 V 
(WD, WD) 
High Level Input Current (IIH) | (VIH=-0.6V, VIL=-2.0V) 150 LA 
(WD, WD) 
Low Level Input Current (IIL) | (VIL=-2.0V, VIH=-1.0V) LA 
(WD, WD) 
Output Off Leakage Curr. (IOFF) | (VOFF=5.0V) LA 
(WUS,- WSV) 
Low Level Output Voltage (VOL) | (IOL=8.0 mA) V 
(WUS, -WSV) 
Output Leakage Current (IOFF) | (VOFF=5.0V) LA 
(IMF) 
Output on Current (ION) | (VON=0.5V to 5.0V) 2.4 3.5 mA 
(IMF) 
Data Input Current (per side) Chip Enabled Pf 150 
Data Input Capacitance per side to GND Pf P10 
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ELECTRICAL CHARACTERISTICS (continued) 


_ READ MODE 


Tests performed with 1009 load resistors from RD and RD through series isolation diodes to VCC. 


PARAMETER “CONDITIONS | 
Differential Voltage Gain Vin = 1m Vrms, f = 300 KHz 


Voltage Bandwidth (-3dB) Zs < 5z, Vin = 1m Vpp 
f midband = 300 KHz | 
Input Noise Voltage | Zs =00, Vin = OV, | 
Power Bandwidth = 30 MHz 
Differential Input Capacitance Vin = OV, f = 5 MHz | 
Differential Input Resistance Vin=0V,f=5MHz | } 
Input Bias Current (per side) 


Dynamic Range DC input voltage where AC. 
gain falls to 90% of the gain 
with .5m Vpp input signal 


Common Mode Rejection Ratio Vin = 100m Vpp, 0V DC 
1 MHz <f <10 MHz 


Power Supply Rejection Ratio VCC or VEE = 100m Vpp | 
| 1 MHz < f < 10 MHz | 


Channel Separation The three unselected | 
a channels are driven with 
| Vin = 20m Vpp : 
| | 1 MHz <f< 10 MHz 


Output Offset Voltage Pf 880 | 


Single Ended Output Resistance | 
Single Ended Output Capacitance | . . 


WRITE MODE 


Current Tolerance Current set to nominal value 
by Rex = 1.6K to 3.6 KQ, 
Tj = 50 °C 


Differential Head voltage swing lw =40mA 
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WRITE MODE (continued) 


NOM | 
fe eal 
Fs a 
Resistance, Rd 

| Differential Output Capacitance | | 


SWITCHING CHARACTERISTICS 


ldleto Read/Write Transition Time] = ssid 
ReadMrite toldle Transition Time] 


Read to Write Transition Time VLCS = 0.8V, 
Delay to 90% of lw 


Write to Read Transition Time | VLCS =0.8V, Delay to 90% of 
20 MHz Read Signal 
envelope, lw decay to 10% 


Head Select Switching Delay Read or Write Mode 


Head Current Transition Time lw = 40 mA, Lh = 0.15 LH, 
10% to 90% Rh = 20Q 













4] 





= 
” 


Head Current Overshoot lw = 40 mA, Lh = 0.15 pH, 
Rh = 20Q, relative to total 
current charge 


Head Current Switching Time =| Ww=40mA, Lh =0.15 pH, 

Symmetry 7 Rh = 20Q, WD & WD > 
transitions 2nS, switching time 
symmetry 0.2 nS 


WSV Transition Time Delay from 50% of write 
select swing to 90% of final 
WSV voltage, 
Load = 2KQ // 20 pF 


c 
77) 


o1 
ou " os 


Unsafe to Safe Delay After f(data) = 5 MHz 
Write Data Begins (WUS) 


Safe to Unsafe Delay, (WUS) Head open or shorted to GND, 
no write current, head select 
input open 


Safe to Unsafe Delay, (WUS) Non-switching write data a 


IMF Switching Time Delay from 50% of CS to 90% 
of final IMF current 


= 
~” 





‘= 
wm 


c 
Nn 


ps 
” 
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PACKAGE PIN DESIGNATIONS 





(TOP VIEW) om VEE 
GND 1 cs 
WC 2 RAW 
WSV 3 HOX 
HS1 [| 4__ ; 
HOY 
HS2 [] 5 
. H2Xx 
WD [| 6 | 
H2Y 
wp (1 7 fe 
wus [| 8_ H1X 
IMF [| 9 H1Y 
VCC H3X 
RD | L___ H3Y 
RD WCR 





24-Pin SOL 





ORDERING INFORMATION 


PACKAGE MARK 


SSI 32R525 : ; ae | | 
24-Pin Flatpack 32R525-4F 





24-PinSOL _ 32R525-4L 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32R526 is an integrated read/write circuit 
designed for use with non-center tapped thin film 
heads in disk drive systems. Each chip controls four 
heads and has three modes of operation: read, write, 
and idle. The circuit contains four channels of read 
amplifiers and write drivers and also has an internal 


write current source. 


A current monitor (IMF) output is provided that allows 
a multichip enable fault to be detected. An enabled 
chip’s output will produce one unit of current. An open 
collector output, write select verify (WSV), will go low if 
the write current source transistor is forward biased. 
The circuit operates on +5 volt, and -5 volt power and 
is available in 24-pin Flatpack and 24-pin SOL 
packages. 


BLOCK DIAGRAM 


VEE GND VCC vcci 


HEAD SELECT 
DECODE 


READ 
PREAMPLIFIERS 
AND 
WRITE 
CURRENT 
SWITCHES 


(4-CHANNELS) 


WRITE 
CURRENT 
SOURCE 


SUPPLY WRITE i 
VOLTAGE =} TRANSITION § |: 
MONITOR * DETECTOR |: 


MODE WRITE 
SELECT & FAULT 
INDICATE oe DETECTOR 


IMF WS5V WUS 
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FEATURES 


e High performance 


Read Mode Gain = 100 V/V 

Input Noise = 0.6 nV/VHz max 

Input Capacitance = 65 pF max 

Write Current Range = 17 mA to 50 mA 
Write Current Rise Time = 12 nsec max 


Head Voltage Swing = 4.0 Vpp min 


¢ Write unsafe detection 


e -5V, 


HOX 
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+5V power supplies 





PIN DIAGRAM 


H2Y 
H1X 
HY 


H3X 





24-Pin Flatpack 


CAUTION: Use handling procedures necessary 
for a static sensitive component. | 


SSI32R526R _ 
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FUNCTIONAL DESCRIPTION 


WRITE MODE 


In Write Mode (R/W and CS low) the circuit functions as 
a differential current switch. The Head Select Inputs 


(HS1 and HS2) determine the selected head. The > 


recording current is steered through the head in a 
direction determined by the state of a toggle flip-flop. 
The Write Data Inputs (WD, WD) determine the polarity 
of the head current. The write current magnitude is 
adjusted by an external resistor Rex between WC and 
VEE. 


WRITE MODE FAULT DETECT CIRCUIT 


Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical:high 
(off) level will be present at the Write Unsafe (WUS) 
terminal if any of the following write fault conditions are 
present: 


° Open head circuit 

e Resistive component of head shorted 

¢ Head shorted to ground 

¢ Nowrite current | 

« Write current transition frequency too low 
- Head select input(s) open circuit | 

: Write mode not logically selected 


The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
Vcc. 


Additionally, power voltage monitoring circuits are 
used to detect Vcc and Vee voltage levels. If either is 
too low to permit valid data recording, write current is 
inhibited. With any combination of Vcc and VEE voltage 
above the inhibiting levels, logical control of write 
Current is provided by the mode selection inputs. 


READ MODE 


In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 


amplifier input terminals are determined by the Head | 


Select inputs. The read amplifier outputs (RD, RD) are 
open collector, requiring external load resistors con- 


nected to Vcc. The amplifier gain polarity is non— 


inverting between HX, Y inputs and RD outputs. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RD andRD outputs into a high impedance state and 
deactivates the internal write current source. This 
facilitates multi-device installations by allowing the 
read outputs to be wired OR’ed. 


MODE SELECTION AND INDICATION CIRCUIT 


Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are 
described in Tables 1 and 2. 


Selection of the write mode is indicated by a low (on) 
state of the Write Select Verify (WSV) terminal. The 
open collector output is usually terminated by an periel 
nal resistor connected to Vcc. | 


The selection of either the write or read mode is 
indicated by the flow of a unit of current into the Current 
Monitor (IMF) terminal. By summing the currents from 
multiple circuits, the user can determine that one, and 
only one, circuit is active. 


Table 1: Head Select Table 


Head Selected 





Table 2: Mode Select Table 
Mode Indicating & 
Select Fault Outputs 
Selected 
Mode | IMF | WSV | WUS 


| Idle | off | off | off | 
eae 


*Provided that no fault is detected. 







os 
ee 
ciel | 
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PIN DESCRIPTIONS 


NAME | TYPE DESCRIPTION 


CONTROL INPUT PINS | : 
cs Chip Select input. A logical low level enables the circuit for a read or write 
operation. Has internal pull up. 
R/W Read/Write select. A logical low level enables the write mode (when CS is 
| low). Has internal pull up. 


HS1,HS2 Head Selectinputs. Logical combinations (Table 1) select one of fourheads. 
HEAD TERMINAL PINS 


HOX - H3X VO Connection to read/write magnetic head terminals 
HOY - H3Y 


DATA INPUT/OUTPUT PINS 
Differential Write Toggle inputs used to write data patterns on the disk 


Differential Read Data pattern output amplified play back from the disk. 
These outputs are normally terminated in 100Q resistors to Vcc. 


EXTERNAL COMPONENT CONNECTION PINS 


fwotiT Resistor connected to VEE to provide desired value of write curren 


CURRENT MONITOR PINS ‘ 


WSV Write Select Verify is an open collector output with the on state indicating that 
the circuit has been selected for a write operation. Itis normally terminated 








to +Vcc through a resistor. 
WUS Write Unsafe is an open collector output with the off state indicating that 
| conditions are not proper for a write operation. _ 
IMF High impedance output sinks a unit of monitor current when the chip is 
enabled. 


POWER, GROUND PINS 


Positive power supply voltage for circuit functions 
Positive power supply voltage for head current 


Negative power supply voltage 


VO Power supply common 
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ELECTRICAL CHARACTERISTICS 
_Unless otherwise specified, 4.75 < VCC < 5.25, -5.50 < VEE < -4.75V, 0° <T (junction)< 125°C. 


ABSOLUTE MAXIMUM RATINGS 






Storage Temperature | 
Lead Temperature (Soldering, 10 sec) ee ee 
| Input Voltages | ss | 
Head Select (HS) 
Chip Enable (CS) 
| 








Write Data(WD,WD) 

Head Inputs (Read Mode) 
itor (IMF) , 
) (WC) 




















| Current Monitor (IMF -0.4 to Vcc + 0.3 
Current Reference -100 mA to 1.0 MA 
Head Outputs (Write Mode) -100 mA to 1.0 mA 


POWER SUPPLY 


PARAMETER CONDITIONS 


MIN, | NOM | 
Positive Supply Current (ICC) FidleMode | 
|ReadMode | | 
|WriteMode | | 
[diemode | 
ei ae 

aan es 

oar ee 

a ae 

os Pa 





550 + 10.5 
X lw 







| Positive Supply Current (ICC 1) 
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| Negative Supply Current (IEE) 
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DC CHARACTERISTICS 


PARAMETER CONDITIONS 


Chip Select High Voltage Idle Mode 
(VLCS) 


Chip Select Low Voltage Read or Write Mode 
(VLCS) 


Chip Select Low Current VLCS = 0.4V 
(ILCS) 


Chip Select High Current VHCS = 2.7V 
(IHCS) 


Read Select High Voltage Read or Idle Mode 
(VHR/W) 


Read Select Low Voltage Write or Idle Mode 
(VLR/W) 


Read Select high Current VHR/W = 2.0V 
(IHR/W) 


Read Select Low Current 
(ILR/W) 


Head Select High Voltage 
(VHHS) 


Head Select Low Voltage 
(VLHS) 


Head Select High Current 


VLR/W = 0V 


VHHS = 2.7V 


(IHHS) 
Head Select Low Current | VLHS = 0.4V 
(ILHS) | 


WUS, WSV Low Level Voltage ILUS = 8 mA 
(denotes safe condition) 


WUS, WSV High Level Current VHUS = 5.0V 
(denotes unsafe condition) 





IMF on Current 
IMF off Current 
IMF Voltage Range 
VCC Fault Voltage 
VEE Fault Voltage 


Differential Data Voltage, 
(WD — WD) 
Data Input Voltage Range _ 


Data Input Current (per side) 
Data Input Capacitance 


Chip Enabled 
per side to GND 
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ELECTRICAL CHARACTERISTICS (continued) 


~ READ MODE | | | | | | 
Tests performed with 100Q load resistors from RD and RD through series isolation diodes to VCC. 


= 


Differential Voltage Gain Vin = 1m Vpp, f = 300 KHz | 125 
Voltage Bandwidth (-3dB) Zs < 5z, Vin=1mVpp. -3dB. = 


f midband = 300 KHz -1dB 


Input Noise Voltage Zs = 0Q, Vin = OV, | 
Power Bandwidth = 34 MHz 
Differential Input Capacitance Vin = OV, f = 5 MHz . a 
Differential Input Resistance Vin = OV, f = 5 MHz 250 


Dynamic Range DC input voltage where AC 
7 gain falls to 90% of the gain 














2.0. 


1000 


















| Common Mode Rejection Ratio 









Power Supply Rejection Ratio 











Channel Separation 








with .5m Vppinput signal = | 
Vin = 100m Vpp, 0V DC 
1 MHz <f<10 MHz 50 
f=20MHz ; 
VCC or VEE = 100m Vpp 
1 MHz <f<10MHz ~~ 65 
f = 20 MHz 
The three unselected | 
channels are driven with 
Vin = 20m Vpp 
1 MHz <f< 10 MHz | 46 
| f = 20 MHz 
Output Offset Voltage 7 — -360 
‘| Output Leakage Current Idle Mode 
Single Ended Output Resistance | | 10 
WRITEMODE  ——iws | 

















Current set to nominal value 
by Rx = 4.75 to 140 Q, 
Tj = 50 °C 


Current Tolerance 


(lw) (Rh) Product | 
Differential Head voltage swing _ 
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WRITE MODE (continued) 


PARAMETER —____{_GONDITIONS _{_MIN_|_NOM MAX | UNIT _ 


Unselected Head lw = 45 mA, Lh = 0.5 yH, 
Transient Current Rh = 20Q, non-adjacent 
heads tested to minimize 
external coupling effects 




























Current Range (Iw) 












Differential Output 
Resistance, Rd 























Differential Output 
Capacitance 















WD, WD Transition Frequency 





SWITCHING CHARACTERISTICS 
Idle to Read/Write Transition Time 








Read/Write to Idle Transition Time 


Read to Write Transition Time VLCS = 0.8V, 
Delay to 90% of lw 


Write to Read Transition Time VLCS = 0.8V, Delay to 90% of 
20 MHz Read Signal 
envelope, lw decay to 10% 


Head Select Switching Delay Read or Write Mode 


Head Current Transition Time lw = 40 mA, Lh = 0.15 WH, 
10% to 90% Rh = 200 


Head Current Overshoot lw = 40 mA, Lh = 0.15 wH, 
Rh = 20Q, relative to total 
current charge 


Head Current Switching Time lw = 40 mA, Lh = 0.15 WH, 

Symmetry Rh = 20Q, WD & WD 
transitions 2nS, switching time 
symmetry 0.2 nS 























WSV Transition Time Delay from 50% of write 
select swing to 90% of final 
WSV voltage, 
Load = 2KQ // 20 pF 


Unsafe to Safe Delay After f(data) = 5 MHz 
Write Data Begins (WUS) 


Safe to Unsafe Delay, (WUS) Head open or shorted to GND, 
no write current, head select 
input open 




















Safe to Unsafe Delay, (WUS) Non-switching write data 


IMF Switching Time Delay from 50% of CS to 90% 
of final IMF current 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) | 


Hs1 (4 21{_____] Hox 
Hs2 C____]5 20(—___ 7] HOY 
wd C_____J6 19 H2x 
wb C_____}7 18, «Hey 


WUS L_____|8 17, CdS CH 1X 


2 
3 
4 
5 
6 
7 
8 
9 


IMF LW 16{. J} HAY 





vcc C10 44 3 14 15{- 1] H3x 
RD ll | L___. H3Y 
RD vCC1 


24-Pin SOL 24-Pin Flatpack 


ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER 
SSI 32R526R : 
24-Pin Flatpack SSI 32R526R-4F | 


24-Pin SOL SSI 32R526R-4L 














32R526R-4F 
32R526R-4L 








No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. : 
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DESCRIPTION FEATURES 
The SSI 32R527/527R Read/Write devices are bipolar « High performance: 
monolithic integrated circuits designed for use with Read mode gain = 120 V/V 
two terminal thin film recording heads. They providea _ Input noise = 0.85 nV/VHz max 
low noise read amplifier, write current control and data 


ee Input Capacitance = 35 pF max. 
protection circuitry for eight or nine channels. Power Write current range = 10 mA to 40 mA 
supply fault protection is provided by disabling the write Head voltage swing = 7 Vpp 


current generator during power sequencing. They Write current rise time = 9 nsec 


require +5V and +12V power supplies and are avail- P . d : | 
able in a variety of package configurations. A mirror Enhanced system write to read recovery time 


image pinout option is available to simplify flex circuit © Differential ECL-like write data input 
layout in multiple R/W device applications. The 
SSI 32R527R option provides internal 500Q damping 
resistors. ¢ Power supply fault protection | 


¢ Compatible with two & three terminal thin film heads 


¢ Open collector read outputs 


* Write unsafe detection 
¢ +5V, +12V power supplies 
¢ Mirror image pinout option 





BLOCK DIAGRAM PIN DIAGRAM 


32 
31 


VOD1 VCC  —- GND WUS vob2 HOX 
. HOY 
H1X 
H1Y 
H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 


30 
29 
28 
27 


SSI 32R527/ 
527R-B 95 


MULTIPLEXER ; 


1 
2 
3 
4 
5 
6 
7 
8 
9 


24 





32-LEAD SOW 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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CIRCUIT OPERATION 


The SSI 32R527 addresses up to nine two-terminal | 


thin film heads providing write drive or read amplifica- 
tion. Head selection and mode controlis accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if eine 
control me is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32R527 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. The Write Data Inputs (WD, WD) 
determine the polarity of the head current. There is no 
internal toggle flip-flop. 


The magnitude of the write current (0- mS given By 


lw =_vwWC_ 
RWC 


where Vwc (WC pin voltage) = 1.65V + 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 
a single RWC resistor may be made common to all 
devices. The actual head current Ix, y is given by: 


Ix,y= __ Ww 
1+RhWVRd 
where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two transitions on pin WD 
and WD, after the fault is corrected, are required to 
clear the WUS flag. | 


¢« Device in read mode 
¢ No write current 


« WD frequency too low 
¢« Device not selected 


Power dissipation in Write Mode may be reduced by 
placing aresistor, Rw, between VDD1 and VDD2. The 
resistor value should be chosen such that lw Rw <3.0V 
for an accompanying reduction of (lw)? Rw in power 
dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1. Note that Rw will also provide 
current limiting in the event of a head short. 


‘READ MODE 


The read mode configures the SSI 32R527 as a low 
noise differential amplifier and deactivates the write 
current generator and write unsafe detection Circuitry. 
The RDX and RDY outputs are open collectors and are 
in phase with the "X" and "Y" head ports. The termina- 
tion resistors for RDX/RDY should be 100Q to Vcc. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. If 
multiple devices are wire OR'ed, series Schottky isola- 
tion diodes are recommended to reduce parasitic 
Capacitance without degrading dynamic range. 


FIGURE 1: OR’ed Devices 
w/ Schottky Isolation 
Diodes 








TABLE 2: Head Select 0 = Low level 1 = High level 





1002 





0789 . 


0789 


SSI 32R527/527R 
8 & 9-Channel Thin Film 
Read/Write Device 





PIN DESCRIPTIONS 


TYPE DESCRIPTION 
Head Select 
Chip Select: a low level enables the device 
Read/Write: a high level selects Read mode 


Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 


Write Data In: a negative polarity passes write current in the x-direction of the 
head. | 









“When more than one R/W device is used, these signals can be wire OR’ed. 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER SYMBOL VALUE UNITS 
DC Supply Voltage -0.3 to +14 


Write Cinent. a 









Digital Input Voltage -0.3 to VCC +0.3 — VDC 
Head Port Voltage -0.3 to VDD +0.3 VDC 


WUS Pin Voltage Range -0.3 to +14 VDC 
Output Current a 
Storage Temperature -65 to +150 
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RECOMMENDED OPERATING CONDITIONS 





DC CHARACTERISTICS 





VALUE 
12+ 10% 
5 + 10% 

+25 to +135 


Unless otherwise specified, recommended operating conditions apply. — 


PARAMETER 


VDD Supply Current 
VCC Supply Current 


Power Dissipation (Tj = +135°C) 


| Input High Voltage (VIH) 


Head Current (HnX, HnY) 





Data Input Capacitance 
| Data Input Current 


| Differential Data Voltage — 


WD, WD Data Input Voltage Range 





Write Mode: lw = 20 mA, 
- VDD2 = VDD1 
D2 = VDD1 - 3.0V 


Write Mode, 0<VCC <3.5V 
0<VDD <8.5V 


Read/idle Mode 
0<VCC <5.5V 
O<sVDD <13.2V 


WD or WD to GND 
WD or WD 
WD - WD 


Low Level 
(WD VIL) 


High Level | 
(WD VIH) 
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WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 WH, Rh = 30Q 
and f(WD) = 5 MHz. 


PARAMETER CONDITIONS 


[WC Pin Vottage (Ve) | 
[Ditterential Head Votage Swing 
[Unselected Head Curent f 
-DilerrtatCpt Capstanes fT 


Differential Output Resistance 32R527R Q 
32R527 eae Ea 


ee ae 
| WD,WD Transition Frequency | WUS=low | 85 | | MH 
[weteCuremtRange | OT 











READ CHARACTERISTICS 


Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and RL1 (RDX, 
VCC) = RL2 (RDY, VCC) = 1000 






PARAMETER CONDITIONS | | MIN 


Differential Voltage Gain Vin=1mVpp @ 300 KHz Tj = 25°C ees 
Bandwidth [Zs|<5Q, Vin=1 mVpp @ 300kHz| 25 | - | 






|= | MHz 
[Zs|<5Q, Vin=1 mVpp @ 300 kHz | > | MHz 
Input Noise Voltage BW=15MHz,Lh=0,Rh=0 | - | 0.85 | nV/VHz 
Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz fe ree ol 






Differential Input 32R527R | Vin = 1 mVpp, f = 5 MHz 
Resistance 32R527 | Vin=1mMmVpp, f =5 MHz 640 


Dynamic Range 


Common Mode Rejection Ratio Vin = 0 VDC+100 mVpp 
1 MHz<f< 10 MHz 
| 10 MHz<f< 20 MHz 


54 

48 
Power Supply Rejection Ratio VPD or Vcc @ 100mVpp 

54 

40 

43 

37 









AC peak-to-peak input voltage 
where gain falls to 90% of its 
small signal value, f = 5 MHz 







1 MHz<f< 10 MHz 
10 MHz<f< 20 MHz 







Channel Separation All unselected channels driven 
with 100 mVpp 
1 MHz<f< 10 MHz 
| 10 MHz<f< 20 MHz 









Output Offset Voltage ee 
RDX, RDY Common Mode 
Output Voltage PWrteMode ——=S=S*~*~rtSC «dt |S *| SV 
[Single Ended Output Resistance | t-5MHz ———~—~—S=~d—St | - | | Ka 





1-169 





SSI 32R527/527R 
8 & 9-Channel Thin Film 
Read/Write Device 


READ PEARAC TERISTICS Comins 


PARAMETER 


foupa cure 
alge Ended Output Papaciiance : 


SWITCHING CHARACTERISTICS (See Figure 1) a | 
Unless otherwise specified, recommended operating Conditions apply, Iw = 20 mA, aa 1 ms a sa 30Q 
and f(WD) = 5 MHz. 








PARAMETER 











Delay to 90% of 100mV 10MHz 
Read signal envelope or to 90% 
decay of write current _ 












cS to Select 





Delay to 90% of write current or to 
90% of 100mMV 10MHz Read 
cL envelope _ 







CS to Unselect 













190, 1, 2 to any Head Delay to 90 % of 100mV 10MHz 


Read signal envelope” 


Ts a OC Bl 
re 


“Head Current 


Prop. Delay - TD3 


Asymmetry 
Rise/Fall Time 















‘From 50 % points, Lh=Ouh, Rh=0Q 


WD has 50 % duty cycle and 
ins rise/fall time, Lh=Owh, Rh=0Q 


10% - 90% points, Ln=Ouh, Rh=00 
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FIGURE 1: Write Mode Timing Diagram 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


Differential Input Resistance (Min.) 
2 

ae 

| UNITS | 






= 
< 
~— 
=| 
N 








Differential Input Capacitance (Max.) pF 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


UNITS 
Differential Input Resistance (Min.) | sens27R | 260 | 290 | Qg | 
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PACKAGE PIN DESIGNATIONS (Top View) 


HOX 
HOY 
H1X 
HY 
Hox 
H2Y 
H3X 
H3Y 
H4Xx 
Hay 
H5X 
H5Y 
HEX 
H6Y 
H7X 
H7Y 


_~ 


32 
31 
30 
29 
28 
27 


26 
SSI 32R527/ 
527R8 95 


2 
3 
4 
5 
6 
7 
8 
9 


24 
23 
22 
21 





8-Channel 


_32-Lead SOW 


HOX 
HOY 
H1X 
H1Y 
H2Xx 


H2Y | 


H3X 
H3Y 
H4X 
H4Y 
H5X. 
H5Y_ 
H6X 
H6Y 
H7X 
H7Y 
H8x 


_ 


oon rm oo BF WD ND 





9-Channel 
34-Lead SOL 


GND 
HS3 
cs 


WC 
RDY 
RDX 
HSO - 
HS1 
HS2 
VCC 
WD 


WUS 

VDD1 
VvDD2 
H8Y 
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GND 


N/C 


RDY 
RDX 
HSO 
HS1 
HS2 
VCC 
WD 
WD 
WUS 
VDD 


N/C 


_ 32-Lead SOW 


RDY 
RDX 
HSO 
HS1 
HS2 
VCC 
WD 
WD 
WUS 
VDD1 
VDD2 
H8Y 


a 


2 
3 
4 
5 
6 
7 
8 
9 


8-Channel 


Mirror 


oe 


ooaonorno pp W SN 


9-Channel 
34-Lead SOL 
Mirror | 








‘HOX 


HOY 
H1X 


HIY 


H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 


~H5X 


HS5Y 
H6X 
H6Y 
H7X 
H7Y 
H8Xx 
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THERMAL CHARACTERISTICS: Qja 


32-Lead SOW 55°C/W 
34-Lead SOL 50°C/W 





ORDERING INFORMATION 






PART DESCRIPTION ORDER NO. PKGMARK 
SSI 32R527 Read/Write IC 

8-Channel SOW SSI 32R527-8CW 32R527-8CW 

9-Channel SOL SSI 32R527-9CL 32R527-9CL 


SS! 32R527R with Internal Damping Resistor 
8-Channel SOW SSI 32R527R-8CW 32R527R-8CW 
9-Channel SOL SSI 32R527R-9CL 32R527R-9CL 
SSI 32R527M Mirror Image 


8-Channel SOW SSI 32R527M-8CW 32R527M-8CW 
9-Channel SOL SSI 32R527M-9CL 32R527M-9CL 


SSI 32R527RM Mirror Image with Damping Resistor 


8-Channel SOW SSI 32R527RM-8CW 32R527RM-8CW 
9-Channel SOL SSI 32R527RM-9CL 32R527RM-9CL 


































No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION FEATURES 


The SSI 32R528/528R Read/Write devices are bipolar ¢ High performance: 
monolithic integrated circuits designed for use with Read mode aain = 150 V/V 
two terminal thin film recording heads. They provide a pene 


low noise read amplifier, write current control and data Input noise = 0.85 nV/VHz max. 


protection circuitry for eight or nine channels. Power Input capacitance = 35 pF max. 
supply fault protection is provided by disabling the write Write current range = 10 mA to 40 mA 
current generator during power sequencing. System Head voltage swing = 7 Vpp 

write to read recovery time is significantly improved by Write current rise time = 9 nsec 


controlling the read channel common mode output 
voltage shift in the write mode. They require +5V and 
+12V power supplies and are available ina variety of ° Differential ECL-like Write Data input 
package configurations. A mirror image pinout option © power supply fault protection 


is available to simplify flex circuit layout in multiple R/W ; ; ; lars 
device applications. The SSI32R528R option pro- ° Compatible with two & three terminal thin film heads 


vides internal 500Q damping resistors. ¢ Write unsafe detection 


¢ Enhanced system write to read recovery time 


°¢ +5V, +12V power supplies 





BLOCK DIAGRAM PIN DIAGRAM 


VDD1 VCC GND WUS vDb2 HOX 


HOY 


WRITE 
} DETECTOR i ; 
L———— a H1Y¥ 


H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
| ware |: H5Y 
3| SOURCE | HEX 
: Hey 
H7X 
H7Y 
H8X 


; 
2 
3 
4 
5 
6 
=] MULTIPLEXER 2 7 
, 8 
9 





34-LEAD SO 


CAUTION: Use handling procedures necessary 


for a.static sensitive component. —- 





i789 H8Y H8Xx 
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SSI 32R528/528R 
8 & 9-Channel Thin Film 
Read/Write Device 


CIRCUIT OPERATION 


The SSI 32R528 addresses up to nine two-terminal — 


thin film heads providing write drive or read amplifica- 
tion. Head selection and mode controlis accomplished 
with pins HSn, CS and R/W, as shown in Tables 1 & 2. 
Internal resistor pullups, provided on pins CS and R/W 
will force the device into a non-writing condition if either 
control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32R528 as a 
current switch and activates the Write Unsafe (WUS) 
detection circuitry. Write current is toggled between 
the X and Y direction of the selected head on each low 
to high transition of the WD, Write Data Input. 


A preceding read operation initializes the Write Data 
Flip Flop (WDFF) to pass write current in the X- 
direction of the head, i.e. into the X-port. 


The magnitude of the write current (0-pk) given by: 
lw =_vwe 
RWC 
where Vwc (WC pin voltage) = 1.65V + 5%, is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground. In multiple device applications, 


a single RWC resistor may be made common to all 


devices. The actual head current Ix, y is given by: 


Ix,y - Ww _ 
1+Rh/Rd 
where: 
Rh = head resistance + external wire resistance, and 
Rd = damping resistance. 


Power supply fault protection improves data security © 


by disabling the write current generator during a volt- 
age fault or power supply sequencing. Additionally, the 
write unsafe detection circuitry will flag any of the 
conditions listed below as a high level on the open 
collector output pin, WUS. Two negative transitions 
between WD and WD, after the fault is corrected, are 
required to clear the WUS flag. | 


« WD frequency too low + Device in read mode 
* Device not selected * No write current 
¢ Head open | 


Power dissipation in Write Mode may be reduced by 


0 = Low level 


placing a resistor, Rw, between VDD1 and VDD2. The 
resistor value should be chosen such that lw Rw <3.0V 


for an accompanying reduction of (Iw)? Rw in power | 


dissipation. If a resistor is not used, VDD2 should be 
connected to VDD1. Note that Rw will also provide 
current limiting in the event of a head short. 


READ MODE 


The read mode configures the SSI 32R528 as a low 
noise differential amplifier and deactivates the write 


current generator and write unsafe detection circuitry. 


The RDX and RDY outputs are emitter followers and 
are in phase with the "X" and "Y" head ports. These 
outputs should be AC coupled to the load. The RDX, 
RDY common mode voltage is maintained in the write 
mode, minimizing the transient between write mode 
and read mode, substantially reducing the write to read 
recovery time in the subsequent Pulse Detection cir- 
Cuitry. 


IDLE MODE 


The idle mode deactivates the internal write current 
generator, the write unsafe detector and switches the 
RDX, RDY outputs into a high impedance state. This 
facilitates multiple device applications by enabling the 
read outputs to be wire OR’ed and the write current 
programming resistor to be common to all devices. 


TABLE 1: Mode Select 





1 = High level 
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PIN DESCRIPTIONS 


HSO - HS3 Head Select: TTL level 
Chip Select: a low TTL level enables the device 
Read/Write: a high TTL level selects Read mode 


cs i 

R/W ji 

WUS Write Unsafe: Open collector output, a high level indicates an unsafe writing 
condition 

WD, WD Differential Write Data inputs: a positive transition on WD toggles the direction 
of the head current 

WC 

VCC 

ND 


HOX - H8X X, Y Head Connections: Current in the X-direction flows into the X-port 
HOY - H8Y 































co 
ves 


Positive Power Supply for Write current drivers 
Ground 
“When more than one R/W device is used, these signals can be wire OR’ed. 





ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 











PARAMETER SYMBOL VALUE 
DC Supply Voltage VDD1, 2 -0.3 to +14 
V -0.3 to +7 
V 





| | voc 
| voc 

Write Current ee ee 
Digital Input Voltage | vin | -03tevecsos | voc 
vi | voc 

| voc 

ma 

p ma 






VDC 
VDC 

100 mA 

VDC 

Head Port Voltage vu | oatovope+os | voc 
WUS Pin Voltage Range VDC 
Output Current J RoxRDY | oo | tm 
wus | ims | 2m 

< 
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SSI 32R528/528R 
8 & 9-Channel Thin Film 
Read/Write Device 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL | =~ VALUE UNITS | 
VDD1 12+ 10% 
vDb2 VDD1 -3.0 to VDD1 | 














| DC Supply Voltage 








Operating Temperature | To Oto +135 


DC CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply. 


PARAMETER CONDITIONS 


VDD1 Supply Current 
VDD2 Supply Current 
VCC Supply Current | 

| 





| | Idle Mode 
Power Dissipation (Tj = +135°C Read Mode 


Write Mode: Iw = 20 mA. 
VDD2 = VDD1 





Idle Mode 
WD, WD Input Low Current (IIL1 VIL1 = VCC -1.625V 





Write Mode: lw = 40 mA, 
VDD1 - VDD2 = 3.0V 


WD, WD Input Low Voitage (VIL1) _ 
| ) 870 
WD, WD Input High Voltage (VIH1) ae 


WD, WD Input High Current (iIH1) VIH1 = VCC -0.72V 


R/W, CS, HSO-HS3 oe VIL2 = 0.8V 0.4 
Input Low Current (IIL2) : 

R/W, CS, HS0-HS3 VIH2 = 2.0V 

Input High Current (1IH2) _ 

R/W, CS, HS0-HS3 

Input Low Voltage (VIL2) 


R/W, CS, HS0-HS3 
Input High Voltage (VIH2) 
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DC CHARACTERISTICS (Continued) 


PARAMETER 


VCC Fault Voltage 


Head Current (HnX, HnY) Write Mode, 0<VCC <3.5V 
0<VDD1 <8.5V 
Read/Idle Mode 
0<VCC <5.5V 
0<VDD1 <13.2V 





WRITE CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh = 1.0 WH, Rh = 30Q 


and f(WD) = 5 MHz. 
CONDITIONS 


a 
ere 2 2 eee 
ana ie me eras 
eae 7 


950 


READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply CL (RDX, RDY) < 20pF and 
RL (RDX,RDY) = 1KQ. 

CONDITIONS 

Vin=1mVpp @ 1 MHz 
Bandwidth -1dB | |[Zs]<5Q, Vin=1 mVpp 

-30dB | |Zs|<5Q, Vin=1 mVpp 

Input Noise Voltage BW = 15 MHz, Lh=0, Rh=0 


Differential Input Capacitance Vin = 1 mVpp, f = 5 MHz 
Differential Input 32R528R | Vin=1mvVpp, f = 5 MHz 
Resistance 32R528 | Vin=1mVpp, f=5 MHz 64 


Dynamic Range Peak - to - peak ac input voltage 
where gain falls to 90% of its 
small signal value, f = 5 MHz 
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UNITS 


_ READ CHARACTERISTICS (Continued) 


PARAMETER 
Common Mode Rejection Ratio Vin = 0 VDC+100 mVpp @ 5 MHz 





CONDITIONS > mn | 








p- [| - |e 
| 100 mVpp @ 5 MHz on VCC ae | 

with 100 mVpp @ 5 MHz, | 

Vin = 0 mVpp 

[Output Offset Voltage | Cd 860-4860] mv 
Output Voltage Write Mode Pe 1 28. - 
[Single Ended Output Resistance | f=5MHz | || 
[Output Gurrent__—_——«| AC Coupled Load ROXioROY | 32] - | - | ma __| 


SWITCHING CHARACTERISTICS (See Figure 1) | 
Unless otherwise specified, recommended operating conditions apply, lw = 20 mA, Lh=1.0 wH, Rh = 30Q 


and f(WDI) = 5 MHz. 
PARAMETER CONDITIONS | MIN, | MAX UNITS 
R/W to Write Mode | Delay to 90% of write current 7 | 06 | us | 


R/W 
R/W to Read Mode Delay to 90% of 100mV 10MHz us 
Read signal envelope or to 90% 
Delay to 90% of write current or to 0.6 us 
90% of 100mV 10MHz Read . 
signal envelope 


decay of write current 
CS to Unselect Delay to 10% of write current | - | 06 | ps | 





QO 





© 




















































S to Select 

















| HSn | | : | | 
: Read signal envelope | 

WUS | | | | | 7 

| SafetoUnsafe-TD1 | CT | 8 | ts 

[—unsatetosate-to2 Sf SttCti‘“~*~*‘“‘“‘*‘“*é*SSC*d;‘C(“ Sid 

| Head Current ; ; | 

| Prop. Delay - TD3 From 50 % points, Lh=Ouh, Rh=00| - | 32 | ns | 

{ns rise/fall time, Lh=Ouh, Rh=00 | 
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HEAD 
CURRENT 


(Ix- ly) 





FIGURE 1: Write Mode Timing Diagram 


APPLICATIONS INFORMATION 


The specifications, provided in the data section, account for the worst case values of each parameter taken 
individually. In actual operation, the effects of worst case conditions on many parameters correlate. Tables 3 & 
4 demonstrate this for several key parameters. Notice that under the conditions of worst case input noise, the 
higher read back signal resulting from the higher input impedance can compensate for the higher input noise. 
Accounting for this correlation in your analysis will be more representative of actual performance. 


TABLE 3: Key Parameters Under Worst Case Input Noise Conditions 


Differential Input Resistance (Min.) 
sonsze | 1200 | 1500 | 
pe | =» | » | 


TABLE 4: Key Parameters Under Worst Case Input Impedance Conditions 


Tj = 135°C 
3 
6 













— 
< 
z 
N 












Differential Input Capacitance (Max.) 











Differential Input Resistance (Min.) 32R528R 
sonses | os | eas | 
Differential Input Capacitance (Max.) 
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PACKAGE PIN DESIGNATIONS | THERMAL CHARACTERISTICS: @ ja 


(Top View) | | 32-Lead SOW SECIW OS 
| | 50°C/W 


1 
2 
3 
4 
5 
6 
7 
8 
9 








32-LEAD SO, FLATPACK | 34-LEAD SO 
ORDERING INFORMATION 


PART DESCRIPTION © - ORDER NO. | PKG.MARK 
SSI 32R528 Read/Write IC Oo 

8-Channel SOW SSI 32R528-8W 32R528-8W 

9-Channel SOL : SSI 32R528-9L | 32R528-9L | 


SSI 32R528R with Internal Damping Resistor | te, 


8-Channel SOW m | | SSI 32R528R-8W 32R528R-8W 
 9-Channel SOL  & SSI32R528R-9. | 32R528R-9L 





















No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SSI 32R529R 
4 bs ® 8-Channel Thin Film 
Sl a Read/Write Device 


DESCRIPTION FEATURES 


The SSI 32R529 is an integrated read/write circuit ° High performance 
designed for use with non-center tapped thin film 


heads in disk drive systems. Each chip controls eight Read Mode Gain = 125 Typ V/V 
heads and has three modes of operation: read, write, Input Noise = 0.8 nV/VHz max 


and idle. The circuit contains eight channels of read : 
amplifiers and write drivers and also has an internal Input Capacitance = 35 pF 

write current source. Write Current Range = 17 mA to 50 mA 
A current monitor (IMF) output is provided that allows Me CUETO ae See vnllleee 

a multichip enable fault to be detected. The circuit Head Voltage Swing = 3.8 Vpp min 
operates on +5 volt, and -5 volt power and is available 


in 32-pin and 34-pin SOL packages. * Write unsafe detection 


¢ Power supply fault protection 


e =6©-5V, +5V power supplies 





BLOCK DIAGRAM PIN DIAGRAM 
VEE GND VCC Hox , 
HOY 2 
HEAD 
SELECT H1X 3 
DECODE 
H1Y 4 
H2x 5 
H2Y 6 
ae H3Y [] 8 
H4X 9 
WRITE : READ 
| | PREAMPLIFIER H4Y 
AND 


CURRENT H5X 
SWITCH 
H5Y 


H6X 
H6Y 
H7X 


(8-CHANNELS) 


VOLTAGE WRITE 
FAULT TRANSITION 
DETECTOR DETECTOR §£ H7Y 





32-PIN SOW 


MODE = ¢: WRITE 
SELECT § FAULT 
INDICATE DETECTOR | 


a = Bone CAUTION: Use handling procedures necessary 
IME -WSV wus for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 


WRITE MODE 


In Write Mode (R/W and CS low) the circuit functions as 
a differential current switch. The Head Select Inputs 
HS0; HS1 and HS2 determine the selected head. The 
Write Data Inputs (WD, WD) determine the polarity of 
the head current. The write current magnitude is 
adjusted by an external resistor Rex (1%) from WC to 
VEE. ) 
Vwe Rh 
{—— Rex = lw(1+ aa )—loffset ] 


WRITE MODE FAULT DETECT CIRCUIT 


Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high 
(off) level will be present at the Write Unsafe (WUS) 
terminal if any of the following write fault conditions are 
present: 

~ ©¢  Qpen head circuit 
Resistive component of head shorted 
Head shorted to ground 
No write current 
Write current transition frequency too low 
Head select input(s) open circuit 
Write mode not logically selected 


The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 
VCC. : 


Additionally, power voltage monitoring circuits are 
used to detect VCC and VEE voltage levels. If either 
is too low to permit valid data recording, write current is 
inhibited. With VCC and VEE voltage above the inhib- 
iting levels, logical control of write current is provided 
by the mode selection inputs. 


READ MODE 


In Read Mode, (R/W high and CS low), the circuit 
functions as a low noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are open collector, requiring external load resistors 
connected to VCC. The amplifier gain polarity is non- 
inverting between HX, HY inputs and RDX, RDY out- 
puts. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the internal write current source. This 
facilitates multi device installations by allowing the 
read outputs to be wired OR’ed and the write current 
programming resistor to be common to all devices. 


MODE SELECTION AND INDICATION CIRCUIT — 


Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are 
described in Table 1 and 2. Selection of the write mode 


_is indicated by alow (on) state of the Write Select Verify 


(WSV) terminal. The open collector output is usually 
terminated by an external resistor connected to VCC. 
The selection of either the write or read mode is 
indicated by the flow of a unit of current into the Current 
Monitor (IMF) terminal. By summing the currents from 
multiple circuits, the user can determine that one, and 
only one, circuit is active. 


The mode select inputs have internal pull up circuits so 
that if an input is open it will rise to the upper logic level. 


TABLE 1: Head Select 


Head Selected 
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PIN DESCRIPTIONS 


CONTROL INPUT PINS 


DESCRIPTION 
Chip Select Input. A logical low level enables the circuit for a read or write 
operation. Has internal pull up. 
Read/write select. A logical low level enables the write mode (when CS is 
low). Has internal pull up. 





















Head select inputs. Logical combinations select one of eight heads. 
See Table 1. 


HSO, 
HS1, HS2 
HEAD TERMINAL PINS 


HOX-H7X, VO 
HOY-H7Y 


DATA INPUT/OUTPUT PINS 


WD, WD Differential Write Data inputs used to write data patterns on the disk. 
RDX, RDY 1/0 Differential Read Data pattern output amplified playback from the disk. 

These outputs are normally terminated in 100Q resistors to VCC. 
EXTERNAL COMPONENT CONNECTION PINS 


C VO Resistor connected to VEE to provide desired value of write current. 
CIRCUIT MONITOR PINS _ 


WSV Write Select Verify is an open-collector output with the on-state indicating 
that the circuit has been selected for a write operation. It is normally 


terminated to VCC through a resistor. 7 


WUS Write Unsafe is an open-collector output with the off-state indicating that 
conditions are not proper for a write operation. 






Connection to read/write magnetic terminals. 








MF High-impedance output sinks a unit of monitor current when chip is enabled. 


POWER, GROUND PINS 
VCC ae a Positive power supply voltage for circuit functions. 
EE 


V a ae Negative power supply voltage. 
GND 7 a Power supply common. 
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FAULT DETECTION CHARACTERISTICS a * 
Test Conditions (Unless otherwise specified). VCC = 4.75 to 5.25V, Tj = 0 to +125°C, VEE = -4.75 to -5.5V, 
Lh = 560 nH, Rh = 20Q, + WD 20%-80% Tr, Tf < 2 nsec, Rex = 510, +WD Min. Switching Freq. = 1 MHz, {WD 
Max. Switching Freq. = 18 Mhz (Sq. Wave) : se Shee E Sat Ss - 











| CHARACTERISTIC ts MAX INIT 

| Maximum VCC Value for Write Vecth - 35 Vv | 

| Current Turn off (Ih < 1 mA) | | | 
Maximum VEE Value for Write Veeth -3.5 V 
Current Turn off (Ih < 1 mA) a 


Max Resistance of Head to GND 
for Short Detect (Iw = 50 mA) 


Voltage across Head for Short Vsth 0.10 0.30 oooy 

Detect (lw = 17 to 50 mA) | | _——- | 

Voltage across Head for Open Voth 1.25, © ALS. | V 

| Circuit Detect (lw = 17to 50 mA) | | 

Minimum Switching Rate of Write Fh of = 
Current for Safe Condition | a 


ELECTRICAL CHARACTERISTICS ~ e. | 
Unless otherwise specified, 4.75 < VCC < 5.50, -5.5 < VEE < -4.75V, 0° < T (junction) < 125°C. 






ABSOLUTE MAXIMUM RATINGS — 











PARAMETER | : 


Positive Supply Voltage, VCC | | 










a ees 
: 
Chip Select (CS) oe ¢ | -0.4 to VCC+ 0.3 | woe 
Outs 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, 4.75 < VCC < 5.50, -5.5 < VEE < -4.75V, 0° < T (junction) < 125°C. 


ABSOLUTE MAXIMUM RATINGS (Continued) 


PARAMETER RATING 
Outputs (Continued) Ee ee 
Current Monitor (IMF) VCC -0.4 to VCC +0.3 

DC 








Current Reference (WC) 100 mA to 1.0 mA and 8 mA V 
Head Outputs (Write Mode) -100 mA to 1.0 mA 


POWER SUPPLY 















High-level Input Voltage VIH 
| (CS, RW, HSO, HS1, HS2) 
Low-level Input Voltage VIL V | 
(CS, RW, HSO, HS1, HS2) 
IL = 







(CS, R/W) 


Low-level Input current | VIL = 0.4V -400 LA 
(CS, R/W) 

High-level Input Current IIH VIH = 2.7V 250 LA 
(HSO, HS1, HS2) | 
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DC CHARACTERISTICS (Continued) 

PARAMETER | CONDITIONS icy 
Low-level Input Current VIL = 0.4V 

-(HSO, HS1, HS2) 

High- level Input voltage VIH -1.10 
(WD, WD) 


Low-level Input Voltage — VIL 
(WD, WD) 


High-level input Current IIH 
(WD, WD) 





UNIT 








sit 


=k 
eo) 
on 


















VIH 





= -0.81V, VIL = -1.95V 




















Low-level Input Current {IL VIL = -1.475V, VIH = -1.1V 


(WD, WD) 


WUS, WSV Low Level Voltage ILUS =8 mA a 
| (denotes safe condition) 







WUS, WSV High Level Current VHUS = 5.0V 
| | (denotes safe condition) 





VCC Fault Voltage 
-3.5 


2.20 


VEE Fault Voltage 
IMF on Current 
IMF off Current 


Pe 
tee eee 
a ar: ee 
cio a none i 
eipentied 







Differential Data Voltage, 0.20 
(WD — WD) 
_ Data Input Voltage Range 
Differential 
Data Input Current (per side) Chip Enabled 
| Data Input Capacitance per side to GND 


WRITE MODE 


-1.87 









PARAMETER _____| conpitions a 


Current Range (lw) 280 < Rex < 1062 


_ Write Current Voltage : Current set to nominal value 
| by Rex = 510 | 
Tj = 50°C 


Differential Head voltage Swing =& | L366: | 





Unselected Head | | lw = 40 mA, Lh = 0.5 HH, 
- Transient Current | Rh = 20Q, Non adjacent 


heads tested to minimize _ 
external coupling effects 
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WRITE MODE (Continued) 


[PARAMETER | CONDITIONS| MIN | NOM | MAX | UNIT 
[Head DampingRessiance | ——=S=SSCS*~*~tCSS || 


Differential Output 











N 
8 


| 
= 
Y 
i 
a 
° 
= 









WD, WD Transition Frequency 
Tests performed with 100Q load resistors from RD and RD through series isolation diodes to VCC. 


30 

PARAMETER 
Differential Voltage Gain 155 
100 
35 


Capacitance 
MHz 
READ MODE 
Zz 


Voltage Bandwidth (-3dB) Zs < 5Q, Vin = 1 mMVpp 
f midband = 300 KHz 


Input Noise Voltage Zs = 00 , Vin = OV, 


nVWVHz 
Power Bandwidth = 15 MHz 


Differential Input Capacitance Vin = OV, f = 5 MHz 
Differential Input Resistance Vin = OV, f = 5 MHz 275 1250 | Q | 
Input Bias Current (per side) mA 


Dynamic Range DC input voltage where AC 
gain falls to 90% of the gain 


M 
Cour 


FE 
H 
UNIT 
N 
H 
F 
Q 






with 0.5 mVpp input signal 


Common Mode Rejection Ratio Vin = 100 mVpp, 0V DC | : 
1 MHz <f< 10 MHz dB 





Power Supply Rejection Ratio VCC or VEE = 100 mVpp 
f = 1 MHz 


Channel Separation The three unselected 
channels are driven with 
Vin = 100 mVpp 


Output Common Mode Voltage 
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CONDITIONS 


SWITCHING CHARACTERISTICS : 






PARAMETER 


| Idle to Read/Write Transition Time 
Read/Write to Idle Transition Time 


_ | Read to Write Transition Time VLCS = 0.8V, 
~| Delay to 90% of lw 3 


Write to Read Transition Time VLCS = 0.8V, Delay to 90% of 
20 MHz Read Signal 
~ envelope, lw decay to 10% 















Head Select Switching Delay Read or Write Mode” - 


lw = 50 mA, Lh = 0.56 pH, 





Head Current Transition Time 
10% to 90% 













Rh = 200 


lw = 50 mA, LH < 50nH 
Rh = .10 


lw = 40 mA, Lh = 0.56 wH, 
Rh = 20Q, WD & WD 

transitions 2nS, switching time 
symmetry 0.2 nS 















Head Current Switching Time 
Symmetry 3 

































WSV Transition Time 





Delay from 50% of write 
select swing to 90% of final . 
WSV voltage, | 
Load = 2KQ // 20 pF 


Unsafe to Safe Delay After f(data) = 5 MHz 
Write Data Begins (WUS) | | | 


Safe to Unsafe Delay, (WUS) Head open or shorted to GND, 
. no write current, head select 
input open | 


Safe to Unsafe Delay, (WUS) | Non-switchingwritedata | 3 


IMF Switching Time Delay from 50% of CS to 90% 
of final IMF current 
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PACKAGE PIN DESIGNATIONS 


(TOP VIEW) 

Hox [] 1 Hox [] 1 
HOY [] 2 Hoy [] 2 
H1iX [| 3 H1X [| 3 
H1Y ] 4 Hit 4 
Hex [| 5 H2x [| § 
H2Y [] 6 Hey  & 
H3x [] 7 SMe) of 
H3Y [] 8 Hey U8 
H4x [] 9 Been S 
Hay ee 

H5X ~ 
H5Y Gy 
H6X 


H6Y 
H7X 
H7Y 
N/C 


32-Pin SOW 34-Pin SOL 


H6Y 
H7X 
H7Y 





*“NOTE: 32 Pin SOW has VCC & VCC1 
internally bonded together 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 
SSI 32R529R 
SSI 32R529R-8CW 


32-Pin SOW 
34-Pin SOL SSI 32R529R-8CL 











32R529R-8CW 
32R529R-8CL 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32R1200/1200R are bipolar monolithic inte- 
grated circuits designed for use with center-tapped 
ferrite or MIG recording heads. They provide a low 
noise read path, write current control, and data protec- 
tion circuitry for as many as 4 channels. Power supply 
fault protection is provided by disabling the write cur- 
rent generator during power sequencing. Poweris sig- 
nificantly reduced in this device, in addition a power 
down mode (idle) is provided to reduce power con- 
sumption to less than 50 mW. 


The SSI 32R1200R option provides internal 700Q 
damping resistors. The SSI 32R1200/1200R requires 
only a+5V power supply and is available in a variety of 
packages. 


BLOCK DIAGRAM 


Vcc GND WUS VCT 


MULTIPLEXER f. 


VOLTAGE 
FAULT 
DETECTOR 


| SOUR 
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SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG 
Read/Write Device 


Yow e-lalesmiavielanrrcticels 
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FEATURES 


e +5V only power supply 
e Low power 
= Pd < 200 mW read mode 
¢ High Performance 
- Read mode gain = 200 V/V 
- Input noise = 1.0n V/VHz max. 
= Input capacitance = 25 pF max. 
- Write current range = 15-50 mA 


- Head voltage swing = 5.0 Vpk 
¢ Designed for center-tapped ferrite or MIG 
heads 


e Power supply fault protection 
¢ Includes write unsafe detection 
e Write to read transients reduced 





PIN DIAGRAM 


HOX 


HOY 


4 32R1200 
{] Hix 4 


Channels 


"] HIY 


H2Xx 


H2Y 





-] H3X 


20-Pin SOL 


H3Y 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG 
Read/Write Device 


DESCRIPTION 


WRITE MODE 


A source of recording current is provided to the head 
center tap by an internal voltage reference, VCT. The 
current is conducted through the head alternately into 
an HnX terminal or an HnY terminal according to the 
state of aninternal flip-flop. The flip-flop is triggered by 
the negative transition of the Write. Data Input line 
(WDI). A proceeding read mode selection initializes 
the write data flip-flop, WDFF, to pass write current 
through the "x" side of the head. The write current mag- 
nitude is determined by the value of an external resistor 
RWC connected between WC terminal and GND, and 
is given by: 


lw = K/RWC, where K = Write Current Constant 


WRITE MODE FAULT DETECT CIRCUIT 

Several circuits are dedicated to detecting fault condi- 
tions associated with the write mode. A logical high 
level will be present at the Write Unsafe (WUS) termi- 
nal if any of the following write fault conditions are 
present: 


* Head open 

* Head center tap open 

* Head shorted 

* Head shorted to ground 

* No write current 

° WDI frequency too low 

° Device in read or idle mode 
The Write Unsafe output is open-collector and is usu- 
ally terminated by an external resistor connected to 


VCC. Two negative transitions on WDI, after the fault 
is corrected, will clear the WUS flag. 


Additionally, a power voltage monitoring circuit is used 
to detect VCC voltage level. Ifitis too low to permit valid 
data recording, write current is inhibited. With VCC 
voltage level above the inhibiting value, control of write 
current is provided by the mode selection inputs. 


READ MODE 


In Read Mode, (R/W high and CS low), the circuit 
functions as alow noise differential amplifier. The read 
amplifier input terminals are determined by the Head 
Select inputs. The read amplifier outputs (RDX, RDY) 
are emitter follower sources, providing low impedance 
outputs. The amplifier gain. polarity is non-inverting 
between HnX, HnY inputs and RDX, RDY outputs. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power eoneurnptonl in this 


Mode | is held to a minimum. 


MODE SELECTION AND INDICATION CIRCUIT 


Logical control inputs which select mode and head 
channel are TTL compatible. Their functions are 
described in Table1 and Table 2. 


TABLE 1: Head Select Table 


Indicating & 
Fault Outputs 





*Provided that no fault is detected. 
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SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG 
Read/Write Device 





PIN DESCRIPTIONS 


HSO0-HS1 —!— Head Select. Logical combinations select one of four Heads. Table 1 


















Chip Select: a low level enables device. Has internal pull-up. 





Read/Write: a high level selects read mode. Has internal pull-up. 


PwoR | Write Data In: negative transition toggles direction of head current 


DI i 
HOY-H3Y 
PROX,.ROY | O° | X.Y ReadData:differentalreadsignaloul 
Pwo Fe Write Current: used to set the magnitude of the write current 
VCT ee | Voltage Center Tap: voltage source for head center tap 
bee 


WUS Write Unsafe: a high level indicates an unsafe writing condition 








VCC +5V 
Ground 








“When more than one R/W device is used, these signals can be wire OR’ed. 


ABSOLUTE MAXIMUM RATINGS (All voltages referenced to GND. Currents into device are positive.) 


PARAMETER > VALUE 


DC Supply Voltage VO 
Digital Input Voltage Range . VIN 
| Head Port Voltage Range VH 
WUS Pin Voltage Range Vwus 

i ee es) eee 


RDX, RDY Output Current lo 


m 
m 


Lead Temperature PDIP, Flat Pack 7 
(10 sec Soldering) 260 | °C 
Package Temperature PLCC, SO 

(20 sec Reflow) 215 i °C 
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SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG 
Read/Write Device 


RECOMMENDED OPERATION CONDITIONS 


PARAMETER CONDITIONS 
veo fo 
R 


C 

Lh fo | .s 

D | 32R1200 only | 
| 


W 


7 rs Ce 
Junction Temperature Range Tj BF 
DC CHARACTERISTICS | 


(Unless otherwise specified, recommended operating conditions apply.) _ 





POWER SUPPLY — | 


PARAMETER CONDITIONS 
VCC Supply Current (ICC) Read Mode | 
Idle Mode Iw=30mA 
ms Write Mode : 
Power Dissipation | Read Mode 


Idle Mode Iw=30 


Write Mode 










DIGITAL I/O 








PARAMETER CONDITIONS | min | Nom) MAX UNITS 

VIL Input Low Voltage | 7 VDC. 
CS, R/W WDI, HSO, HS1 | | 

VIH — Input High Voltage 2.0 VDC 
CS, R/W WDI, HSO, HS1 | 

HL Input Low Current VIL = 0.4V -0.4 mA 
CS, R/W WDI, HSO, HS1 7 

IIH Input High Current VIH = 2.7V LA 

_CS, R/W WDI, HSO, HS1 a 
VOL — WUS Output Low Voltage IOL = 4.0 mA a ee ee ee 
IOH — WUS Output High Current | VOH =5.0V a ae | 
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SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG 
Read/Write Device 





WRITE MODE 


PARAMETER CONDITIONS 
Center Tap Voltage VCT | Write Mode 


Head Current (per side) Write Mode 
0< VCC <3.5V 


1.0 KQ < Rext < 3.3 KQ 





Write/Read Mode 
Idle Mode Iw = 30 


CONDITIONS 
Read Mode 
Read Mode 


Common Mode Output Voltage Read Mode 


FAULT DETECTION CHARACTERISTICS 


Unless otherwise specified recommended conditions apply, lw = 30 mA, Lh = 5 pH, Rd = 750. (32R1200 
only), F(WDI) = 10 MHz. 





PARAMETER 


Maximum Vcc Value for 
Write Current Turn-off 


Minimum Rate of WDI Input for 
Safe condition 


Maximum Rate of WDI Input for 
Unsafe condition 
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SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG 
Read/Write Device _ 


DYNAMIC CHARACTERISTICS AND TIMING 2 
(Unless otherwise specified; recommended operating conditions apply and lw = 30 mA, Lh=5 uH, 
Rd = 750Q 32R1200 only, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF.) _ oe 


| PARAMETER CONDITIONS — 
_ Differential Head Voltage Swing 5.0 


WRITE MODE — 










Unselected Head Transient Current | i 
Differential Output Capacitance Re ell 


Differential Output Resistance 32R1200 P 1 
32R1200R | 


READ MODE 



























Differential Voltage Gain 
Bandwidth (-3dB) 
Input Noise Voltage . 


— 
oO) 
(o>) 


Vin = 1mV RMS 


|Zs| < 5Q, Vin = 1 mVpp 


BW = 17 MHz, 
Lh=0,Rh=0 


Differential Input Capacitance oe. 
_ Differential Input Resistance 32R1200 f =5 MHz 
| 32R1200R _ | 465 


Common Mode Rejection Ratio Vem = 100 mVpp@1 MHz} 50 
<f<10 MHz | 

Power Supply Rejection Ratio Ves =100 mVpp@1MHz | 45 
<f< 10 MHz 


Channel Separation -Unselected Channels: 
Vin = 20 mVpp 1 MHz 
<f<10 MHz . 


AC Coupled Load, 
RDX to RDY 


NO w 
i) 






fo) 




































oO 






- Single Ended Output Resistance 
Output Current 


ES 
os 
1 
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SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG 
Read/Write Device 








DYNAMIC CHARACTERISTICS AND TIMING (continued) 


SWITCHING CHARACTERISTICS 


PARAMETER CONDITIONS 
R/W _ Read to Write R/W to 90% of write current 


Write to Read R/W to 90% of 
100 mV. 10 MHz Read signal 
envelope 


Unselect to Select CS to 90% Iw or to 90% of 
100 mV. 10 MHz 
Read signal envelope 


Selectto Unselect fe 


HS0,1,2 to any Head To 90% of 100 mV. 10 MHz 
Read signal envelope 


Head Current ae 50% Points, Lh = 0 
Prop. Delay - TD3 Rh=0 


Asymmetry WDI has 50% Duty Cycle 
and 1ns Rise/Fall Time 


Rise/Fall Time 10% - 90% Points 


omnes 


WUS 
—_ TD3 


HEAD 
CURRENT 
( Ix - ly) 





FIGURE 1: Write Mode Timing Diagram 
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SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG . 
Read/Write Device | 






+5V 






see Note 3 










0.4 pF To 


= 2K VCC VCT 
MICROPROCESSOR 


see Note 1 
LOGIC 
SUPPORT 


FILTER a 





Note 2 
sa ssi32Ri200 0 H1Y 


SSI 32P541 READ DATA PROCESSOR 





WC GND 
=e 
' see Note 4 

NOTES o - = 
1... Damping resistors not required on 32R1200R versions. | | 
2: Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. In multi-chip application 

these outputs can be wire-OR’ed. 
3. The power bypassing capacitor must be located close to the 32R1200 with its ground returned directly 

to device ground, with as short a path as possible. 
4. To reduce ringing due to stray capacitance this resistor should be located close to the 32R1200. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 












FIGURE 2: Applications Information 
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SSI 32R1200/1200R 
+5V, 4-Channel Ferrite/MIG 
Read/Write Device 


1 





THERMAL CHARACTERISTICS: © ja 


PACKAGE PIN DESIGNATIONS 
ee 


GND || 1 20 || CS 
HOX || 2 19 || RW 


HoY [| 3 18 || wc 






32R1200 H1X || 4 17 [] RDY 
Sine H1Y [15  gaR1200 16 [| RDX 
H2x || 6 Shands 15 [] HSO 
H2Y [| 7 14 {] HS1 


H3x [| 8 13 || voc 





H3Y || 9 12 |] wol 


16-Pin SOL 
vcT || 10 11 |} wus 


20-Pin SOL 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32R1200 Read/Write IC 
2-Channel 16-Pin SOL SSI 32R1200-2CL 32R1200-2CL 


4-Channel 20-Pin SOL SSI 32R1200-4CL 32R1200-4CL 


SSI 32R1200R Read/Write IC with Internal Damping Resistors 
2-Channel 16-Pin SOL SSI 32R1200R-2CL 32R1200R-2CL 


4-Channel 20-Pin SOL SSI 32R1200R-4CL 32R1200R-4CL 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SSI 32R4610/4610R 
2, 4-Channel Thin-Film 
Read/Write Device 
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July, 1989 
DESCRIPTION FEATURES 
The SSI 32R4610/4610R are bipolar monolithic inte- * +5V only 
grated circuits designed for use with two-terminalthin- , Low power 


film recording heads. They provide a low noise read 
amplifier, write current control, and data protection cir- 
cuitry for up to four channels. The SSI 32R4610R 
option provides internal 700Q damping resistors. 
Power supply fault protection is provided by disabling 
the write current generator during power sequencing. 
System write to read recovery time is significantly 
improved by controlling the read channel common 
mode output voltage shift in the write mode. 


The SSI 32R4610/4610R require only +5V power 
supplies and are available in a variety of packages. 


BLOCK DIAGRAM 


vcct GND WUS vcc2 


WRITE 
NSAFE 


a U al 
-| DETECTOR -} REFERENCE 


| _ READ 
} PREAMPS 
| AND WRITE 
4 CURRENT 
| SWITCHES 
(X4) 


| VOLTAGE 
3 FAULT 
4 DETECTOR 
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— PD = 175 mW read mode (Nom) 
High Performance: 

— Read mode gain = 200 V/V 

— Input noise = .85n V/ VHz max. 
— Input capacitance = 35 pF max. 
— Write current range = 10-35 mA 


Designed for two-terminal thin-film heads 
Programmable write current source 

Write unsafe detection 

Enhanced system write to read recovery time 
Power supply fault protection © 

Head short to ground protection 





20-PIN SOL 


32R4610 
4 


Channels 





CAUTION: Use handling procedures necessary 
for a static sensitive component. 


SSI 32R4610/4610R 
2, 4-Channel Thin-Film 
Read/Write Device 


CIRCUIT OPERATION _ 


The SSI 32R4610/4610R has the ability to address up to 4 two-terminal thin-film heads and provide write drive 
or read amplification. Head selection and mode control are described in Tables 2 and3. The TTL inputs R/W and 
CS have internal pull-up resistors to prevent an accidental write condition. HSO and HS1 have internal pulldowns. 
Internal clamp circuitry will protect the IC from a head short to ground condition in any mode. | 


TABLE 1: Mode Select ; TABLE 2: Head Select — 



















HOX - H3X; 
HOY - H3Y 


| RDX, RDY 






X, Y, Head Connections 


X, Y Read Data: differential read data output 


Write Current: used to set the magnitude of the write current | 
——>-—— +5V Supply for Write current drivers 7 


WRITE MODE 


Taking both CS and R/W low selects write mode which _ pass write current through the “X” side of the head. 
configures the SSI32R4610/4610R as acurrent switch = The magnitude of the write current (0-pk) is given by: 
and activates the Write Unsafe (WUS) detector cir-. | | 

cuitry. Head current is toggled between the X and Y pe CHA 
side of the selected head on each high to low transition 
of the Write Data Input (WDI). Note that a preceding 
read mode select initializes the Write Data Flip-Flop to 

















R wh Write Data In: changes the direction of the current in the recording head 





RWC is connected from pin WC to GND. Note the 
actual head current Ix, y is given by: | 


bey 
; - 1+Rh/Rd 


1-204 





0789 


0789 


Where: 
Rh = Head resistance plus external wire 
resistance 
Rd = Damping resistance 


A voltage Fault detection circuit improves data security 
by disabling the write current generator during a volt- 
age fault or power startup. 


Any of the following conditions will be indicated as a 
high level on the Write Unsafe, WUS, open collector 
output. 


WDI frequency too low 
Device in Read mode 
Chip disabled 

No write current 

Head opened 


After fault condition is removed, two negative transi- 
tions on WDI are required to clear WUS. 


ABSOLUTE MAXIMUM RATINGS 







VCC1 
VCC2 


Write Current 


DC Supply Voltage 


Output Current: RDX, RDY 
WUS 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


DC Supply Voltage VCC1 
VCC2 
Operating Junction Temperature Tj 


i IW as: eee mA 
0 ee ee 
mA 
°C 


Storage Temperature Tstg -65 to +150 peal 


SSI 32R4610/4610R 
2, 4-Channel Thin-Film 
Read/Write Device 





READ MODE 


The Read mode configures the SSI 32R4610/4610R 
as a low noise differential amplifier and deactivates the 
write current generator. The RDX and RDY output are 
driven by emitter followers. They should be AC 
coupled to the load. 


Note that in Idle or Write mode, the read amplifier is 
deactivated and RDX, RDY outputs become high 
impedance. This facilitates multiple R/W applications 
(wired-OR RDX, RDY) and minimizes voltage drifts 
when switching from Write to Read mode. Note also 
that the write current source is deactivated for both the 
Read and Idle mode. 


IDLE MODE 


Taking CS high selects the idle mode which switches 
the RDX and RDY outputs into a high impedance state 
and deactivates the device. Power consumption in this 
mode is held to a minimum. | 
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SSI 32R4610/4610R 
2, 4-Channel Thin-Film 
Read/Write Device 


DC CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. 


[PARAMETER ———~—~=*«d;SC CONDITIONS. ——SCSC~*drSCN 
Twiite Mode 
FidleMode YS 
PreadMoe 
— 
ae 
ane 



























VCC2 Supply Current 






Power Dissipation 


DIGITAL INPUTS. | 











VDC 
VDC. 





< 

OQ 

- 

+ 

ro) 
jee) 


FinputHigh Curent | vi=2ov ||| 100 | 
FWUS Out Low Votage (VOL) | Wol=-2mAmex | 


_ WRITE CHARACTERISTICS : 





Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1.0 HH, Rh = 30Q, 
— f(Data) = 5 MHz. 


Differential Head Voltage Swing he 3.4 





Unselected Head Current 


Head Differential Load 
Capacitance 


Head Differential Load 
Resistance (Rd) SSI 32R4610 

| 
[Write CurentRange ww) | 
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SSI 32R4610/4610R 
2, 4-Channel Thin-Film 
Read/Write Device 





READ CHARACTERISTICS 
Recommended operating conditions apply unless otherwise specified. (RDX, RDY) < 20 pF, 


RL (RDX, RDY) = 1 KQ. 
PARAMETER | CONDITIONS | MIN 
Differential Voltage Gain Vin=1mVpp @1 MHz 160 
Voltage BW -1dB (Zs| <5Q, Vin = 1 mVpp 
-3dB @1 MHz 


Input Noise Voltage BW = 15 MHz, Lh =0, Rh=0 
















Differential Input 
Capacitance Vin = 1 mVpp, f = 5 MHz 











Differential Input 
Resistance 





Vin = 1 mVpp, f = 5 MHz 
SSI 32R4610 


(od 











AC input voltage where gain 
falls to 90% of its small signal 
gain value, f = 5 MHz 


Common Mode Rejection Ratio Vin = 0 VDC + 100 mVpp 
@5 MHz 


Power Supply Rejection Ratio 100 mVpp @5 MHz on VCC 


Dynamic Range 






Channel Separation Unselected channels driven 
with Vin=0 VDC +100 mVpp| 4 
Output Offset Voltage po 300 


Single Ended Output Resistance | f= 5 MHz a 
Output Current AC coupled load, RDX to RDY 


RDX, RDY Common Mode 
Output Voltage 2.0 
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SSI 32R4610/4610R | 
2, 4-Channel Thin-Film 
Read/Write Device 





SWITCHING CHARACTERISTICS | a 
Recommended operating conditions apply unless otherwise specified. IW = 20 mA, Lh = 1.0 WH, Rh = 30Q 
f(Data) = 5 MHz. : 


PARAMETER : 3 CONDITIONS 7 | 


R/W Read to Write 


Write to Read | | R/W to 90% of 
| 100 mV 10 MHz Read signal 
envelope 


cs Unselect to Select CS to 90% write current or to 
90% of 100 mV 10 MHz 





~ Select to Unselect 


HSO,1,2 to any Head To 90% of 100 mV 10 MHz 
Read signalenvelope sy 


WUS: Safe to Unsafe (TD1) 
Unsafe to Safe (TD2) 


Head Current: 7 = 
WDI to Ix - ly (TD3) from 50% points 


Asymmetry | WDI has 50% duty cycle and 
1 ns rise/fall time 


Rise/fall Time 10% to 90% points 


HEAD 
CURRENT 
(Ix - ly) 





FIGURE 1: Write Mode Timing Diagram 
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SSI 32R4610/4610R 
2, 4-Channel Thin-Film 
Read/Write Device 








Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R4610R 


Case 1: IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 


ee 
Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R4610R 


Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 


Vn (Max) Dali 
in Min 
cin (a a 


Worst Case Read Input Noise Voltage vs. Input Impedance for SSI 32R4610 


Case 1: IC Base sheet resistance = Maximum 
Hence, IC bias Current = Minimum 


30 






















Rin (Min) 1525 1895 
[in ax) [e850 


Worst Case Read Input Noise Voltage vs. Input Impedance for SS! 32R4610 


Case 2: IC Base sheet resistance = Minimum 
Hence, IC bias Current = Maximum 









ee Oe 
Vn (Max) rv 

in 10 
Gin (Ma 
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SSI 32R4610/4610R 
2, 4-Channel Thin-Film 
_ Read/Write Device 


PACKAGE PIN DESIGNATIONS 
(TOP VIEW) | 


32R4610 
2 


... 32R4610 


Channels } 
4 


Channels 





16-Pin SOL 





20-Pin SOL — 








ORDERING INFORMATION 


SSI 32R4610 Read/Write IC © 
2-Channel SOL  §S132R4610-2CL 
4-Channel SOL 
SSI 32R4610R Read/Write IC with Internal Damping Resistors 
2-Channel SOL | ~ §S132R4610R-2CL - 


4-Channel SOL SSI 32R4610R-4CL 












32R4610-2CL 
- 82R4610-4CL 




























32R4610R-2CL 
32R4610R-4CL 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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Sill —_ 


The SSI 32P540 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM read signals from rigid media. 
ST506 compatible interfacing is provided for write data 
signals, head select lines and recovered read data as 
applicable. 


In read mode the SSI 32P540 provides amplification, 
differentiation and time domain qualification of head 
preamplifier outputs. The recovered data is available 
at the output of a differential line driver that conforms to 
the ST506 interface specification. In write mode the 
SSI 32P540 provides a differential line receiver con- 
forming with ST506 requirements. Schmitt Trigger 
inputs on head select lines and an open collector 
output for voltage fault indication are provided for 
interface compatibility. (Continued) 


SSI 32P540-Series 


Read Data Processor 


June, 1989 
FEATURES 


° Differential Read and Write Ports 

* Schmitt Trigger Head Select Inputs for Higher 
Noise Immunity 

* Programmable Gain 

* Time Domain Pulse Qualification Supports MFM 
Encoded Data Retrieval 

* Supply Voltage Fault Detection 


* +12 Volt and +5 Volt Power Supplies 
* 1/O Meets ST506 Requirements 


* Dual-in-Line and Surface Mount Packages Avail- 
able 


* Adjustable Time Domain Filter and nen Pulse 
Width Settings 





BLOCK DIAGRAM 


Vop GND1 Voc 


VFLT 


HS1 


HS2 


WRTOUT 


Rex Cex 
"0.4 pF 


RG Lex 0.1 pF 
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GND2 (32P5402, 3) 


Hs2 
(NOT ON 32P5402) 


WRT+ 
WRT- 


MODE 
RD 


RD 
(NOT ON 32P5403) 





SSI 32P540-Series | 
Read Data Processor 


DESCRIPTION (Continued) 


The SSI 32P5402 is a dual-ground version for use in 
noisier environments. In order to provide this feature 
the number of head select lines is reduced to two. The 
SS! 32P5403 has dual grounds and an open-collector 
RD output instead of a differential line-driver output. 


When used with a read/write preamplifier (i.e. 
SSI 32R117 or SSI 32R501), the SSI 32P540 or 
SSI 32P5402 and required external passive compo- 
nents perform all read/write signal processing neces- 
sary between the heads and the interface connector of 
an ST506 compatible Winchester disk drive. A line 
driver is required with the SSI 32P5403 . 


CIRCUIT OPERATION 


‘In both read and write modes, Schmitt Trigger inputs 


are used to buffer the three head select lines providing 
the increased noise immunity required of a ST506 
interface. A power supply monitoring function, VFLT, 
is provided to flag a low voltage fault condition if either 


- The amplifier is followed by an active differentiator 


supply is low. A low voltage fault condition results ina | 





low level output on the VFLT pin. 


READ MODE 


In the read mode (MODE input high) the read signal is 
detected, time domain qualified and made available at 
RD and RD as differential MFM encoded data, or at the 


RD opencollector output. This is accomplished by the - 


on-board Amplifier, Differentiator, Zero Crossing De- 
tector, Time Domain Filter, Output One Shot and Line 
Driver circuits. 


The amplified and filtered read back signal, which 
contains pulses corresponding to magnetic transitions 


in the media is AC coupled into the input amplifier. A 


resistor, Rg, connected between pins G+ and G- is 
used to adjust the 1st stage amplifier gain according to 
the following expression. | 


Avi =-—628__ Where Ry -94%(Rg+42) 
17+Rx 230+Rg 


whose external network serves to transform peaks in 
the input signal into zero-crossings while maintaining 
the time relationship of the original input peaks. Differ- 
entiator response is set by an external capacitor or 
more complex series LRC network between the DIF+ 
and DIF- pins. The transfer function with such a 
network is: © _ - 4 
Av2 = — 1420 Cex s | 
LexCex s +[(Rex +46) Cex s]+1 


where Cex = external capacitor (50 pF to 250 pF) 
‘Rex = external resistor 
Lex = external inductor 
 §=jw = jan 


Total gain from IN+ and IN- to OUT+ and OUT- is: : 


Av = Av1x Av2 
To reduce pulse pairing (bit shift), it is essential that the 


‘input to the zero-crossing detector be maximized to 


reduce the effect of any comparator offset. This means 
that the above gains should be chosen such that the 
differential voltage at OUT+ and OUT- approaches 


‘5 Vpp at max input and frequency. 


The Differentiator output is AC coupled into a zero- 
crossing detector that provides an output level change 
at each positive or negative zero transition on its input. 
The zero-crossing detector output is coupled to a Time 
Domain Filter that eliminates false triggering of the 
output one-shot by spurious zero-crossings. The valid- 
ity decision is based on a minimum duration between 
zero crossings that can be set externally by an RC 
network on the TD pin. 


The output of the Time: Domain Filter triggers a one- 
shot that defines the output pulsewidth based on an 
external RC network on the PW pin. These. output 
pulses are fed into a line driver that provides a high- 


- current differential output at RD and RD, or are made 
available as an open-collector output at RD. 


First Stage gain can be monitored at the DIF+ and DIF- 


pins. 
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WRITE MODE 


Inthe write mode (MODE input low) the differential line 
receiver is enabled. This receiver accepts the differen- 
tial data from the ST506 interface and outputs a TTL 
signal for the write data input of an external R/W 
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amplifier. A low on the MODE input also puts the read 
outputs in a high impedance state, allowing several 
SSI 32P540’s to be multiplexed on a bus. 


LAYOUT CONSIDERATIONS 


The SSI 32P540 is a high gain wide bandwidth device 
that requires care in layout. The designer should keep 


ELECTRICAL CHARACTERISTICS 


SSI 32P540-Series 
Read Data Processor 





analog signal lines as short as possible and balanced. 
Analog test points should be provided with a probe 
ground in the immediate vicinity. Do not run digital 
signals under the chip or next to analog inputs. Use of 
a ground plane is recommended along with supply 
bypassing and separation of the SSI 32P540 ground 
from other circuits on the disk drive PCB. | 





Unless otherwise specified, 4.5V < Vcc < 5.5V, 10.8V < Vdd < 13.2V, 25 °C < T(junction) < 135 °C. 


ABSOLUTE MAXIMUM RATINGS 


Operation above absolute maximum rating may permanently damage the device. 





PARAMETER 

5V Supply Voltage, Vcc 

12V Supply Voltage, Vdd 

Storage Temperature 

Operating Temperature, Tj | 
Lead Temperature (soldering 10 sec) 


Pin Voltages: IN+, IN-, G+, G-, DIF +, DIF-, 
OUT +, OUT-, DIN + DIN - 


RD, RD, WRTOUT, HSO, HS1, HS2, VFLT 
TD, PW, MODE, WRT +, WRT-, HSO, _ 


HS1, HS2 














POWER SUPPLY 


PARAMETER 


Icc - Vcc Supply Current dm 
RD, RD loads 











no TTL loads 


Write/Disable mode, 


| | Write/Disable mode 
Pd - Power Dissipation Tj = 135 °C Read/Write modes 


RATING UNIT | 
-65 to +150 
+25 t0 +135 | 


2 
0.3 to Vdd + 0.3 


-0.3 to Vcc + 0.3 or 100 MA 


-0.3 to Vcc + 0.3 


CONDITIONS 


Read mode, no TTL or 


SS 

















Twin [som [wax [un 
a he 
ae 
[8s [ae [ma 
P| ees [50 [ma 
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LOGIC SIGNALS - MODE — 


Input High Voltage (VIH) 
Input High Current (IIH) 


Threshold Voltage, 
VT + Positive-Going 


a 

- 

Threshold Voltage, -— 
VT - Negative-Going 

ce a 

Boe 

NOM 

eee! 

_ 





_ LOGIC SIGNALS - WRTOUT, HSn 


PARAMETER CONDITIONS MIN. 
Ouiputtow Votage Vo) plor-16ma——SSC~dSC 


) 
Output High Voltage (VOH) IOH = -500 nA 



















PARAMETER | MAX 
Output Low Voltage (VOL) loL = 1.6 MA 4.5 < Vcc < 5.5 

IOL = 0.5 mA,1.0 < Voc < 4.5V 

(VELTB Only) 
Output High Current (IOH) heen 
MODE CONTROL 
PARAMETER CONDITIONS | MAX 
Readto Wrte Transtiontime [SS 
Write to Read Transition Time . 1 
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SUPPLY VOLTAGE FAULT DETECT 
PARAMETER CONDITIONS 
VELT transition from 
high to low 
VFLT transition from 4.3 
high to low 


Propagation Delay V (WRT+ - WRT-) 
(WRT + & WRT - TO WRTOUT) WRTOUT = 1.3V 
: See Note & Fig. 1 TPD 


Output Rise and Fall times 





Note: WRTOUT load is 30 pF to GND and 2.5 KQ to Vec 


READ MODE | | 

Unless otherwise specified RD and RD are loaded with 100Q differentially and 30 pF per side to GND, IN+ 
and IN - are AC coupled, G+ and G- are open. An 8000 resistor is tied between the DIF+ and DIF - pins with 
each pin loaded to GND with <3 pF. The OUT+ and OUT- pins are loaded with < 3 pF in parallel with > 5 KQ 
AC coupled (i.e. no DC current). 


AMPLIFIER & ACTIVE DIFFERENTIATOR 


PARAMETER 


V(IN+ - IN-) = 100 mVpp, 
2.5 MHz, AC coupled 
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AMPLIFIER & ACTIVE DIFFERENTIATOR (Continued) 






PARAMETER a CONDITIONS| 


| Input Noise (IN#) Inputs shorted together 
| | | RG=0Q0, Rex=200Q 8#34© 
V(DIF+ DIF-) Output Swing SetbyRG | 5 


V(OUT-+ -) Output Swing - | Setby Rex,Lex, . = 
Cex Impedance 


Dynamic Range | Common mode DC input 
| | where gain falls to 90% of 
0.0V DC common mode input. 
10 mVpp AC input, RG = 9, 
Rex = 1200Q 


DIF+ to DIF- pin Current 7 
OUT+ to OUT- pin Current | 


CMRR (input referred) V(IN+) = V(IN-) = 100 mVpp, | 

a 5 MHz, RG = 09, Rex = 200Q 
PSRR (input referred) Vdd or Vcc = 100 mVpp, 
5 MHz, RG = 0Q, Rex = 2000 


















ZERO CROSSING DETECTOR | Oe 
PARAMETER CONDITIONS —»_—‘w® 


Input Offset Voltage 
Input Signal Range | 


Differential Input oh 
Impedance (DIN+) 


N 























LINE DRIVE (SSI 32P540 & SSI 32P5402 only) 


Output Sink Current 


Vo = 0.7V to 1.9V 100 
between RD and RD, 
30 pF to GND 


Vo = 1.9V to 0.7V 1002 
between RD and RD, 
30 pF to GND - 





Output Source Current 





Output Current 









Output Rise Time : 





Output Fall Time 
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Delay Range TTD1 = 0.184 X RTD X CTD, 
wave. See Figure 2 
PARAMETER CONDITIONS 


TIME DOMAIN FILTER 
PARAMETER CONDITIONS 
RTD = 1.5 KQ to 3.1 KQ, 
CTD = 50 pF to 200 pF, 
V(DIN+ - DIN-) = 100 mVpp, 
5 MHz, AC coupled square 
Delay Range Accuracy Vcc = 5.0V, Tj = 60 °C Lf 
Variation with supply and 
temperature 
Propagation Delay Delay = TD2 - TD1 See Fig. 2 — 
DATA PULSE 
Pulse Width TPw = 0.184 x RPW x 
Cpw, RPW = 2 KQ, 
| | Cpw = 150 pF. See Figure 2 
Skew V(DIN = - DIN -) = 100 mVpp, 
5 MHz, AC coupled square 
wave w/2 nsec rise & fall times 
V (WRT + - WRT-) 
0 


1.9V - 


WRTOUT 1.3V 


0.7V - 





FIGURE 1: Write Mode Timing 
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V(RD+—RD-) OV 


FIGURE 2: Read Mode Timing 


APPLICATIONS INFORMATION 


DESIGN EXAMPLE 
As a design example a system using a 4-Channel 


SSI32R117 Read/Write preamplifier will be used. 


Assumptions - coding scheme is MFM 
| + data rate is 5 Mbits/second 


- Ferrite head output is 1 mVpp 
min. and 2 mVpp max. 


The output from the SSI 32R117 is 80 mVpp to 
240 mVpp. Assuming a 6 dB loss through the external 
low pass filter the input to the SSI 32P540 at IN+, IN- 
is: aa 


40 mVpp to 120 mVpp differential voltage. 


Forthis analysis the + 37% tolerance on gain from IN+, 
IN- to OUT+, OUT- will be equally divided between the 
gain stage and the differentiator, so each will contribute 
a +17% variance from nominal values. The objective 
is to get a5 Vppsignal at OUT+, OUT- at max input and 
maximum frequency. For MFM the 2f frequency in a 
5 Mbits/s data rate is 2.5 MHz, if is 1.25 MHz. 
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GAIN SETTING | 
Maximum gain from the amplifier occurs when RG = 0. 
So calculating for nominal gain: 


Rx = 94x 42 ~ 17.17 
230 | 


Av; =—628__ = 19.9 nominal or 
17+17.17 16.52 min. to 23.28 max. 


The voltage swing at the DIF+, DIF- pins is: 
120 mVpp x 22.25 = 2.79 Vpp maximum. 
40 mVpp x 17.55 = 0.661 Vpp minimum. 


This is within the 3.2 Vpp maximum guaranteed by this 
specification, so maximum gain will be used. 
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FIGURE 3: Typical Application 





JOSS9901qg Beg peeHY 


S-07Sdcé ISS 


SolLi9 





SSI 32P540-Series 
Read Data Processor 





DIFFERENTIATOR DESIGN 


bo The differentiator can be as simple as a capacitor or as 
po complex as a series RLC network. In order not to 
violate the 5 Vpp maximum specification at OUT+, 
| - OUT- the maximum differential voltage gain is: 


—2_= 1.79 maximum gain 
2.79 : 
which is nominally a gain of 1.53 
For Cex only: 


Cc = 68 pF 


ex 153 
2nt V( 1420 )2 -(153x 46)2 


check for current saturation: 
Ic = Cex x Vp x 2xf must be less than 1.9 mA 


For Cex, Rex network: 
The following two formulas are used: 


153= j 1420 Cex 2xf 
j (Rex + 46) Cex 2xf+1 
Rex +46 =— 1 


Cex A 2nfmaximum 


where A is chosen for position of corner frequency 
to reduce high frequency noise gain fromthe single 


capacitor network. Graphically the method is as 
follows: | 
Noise gain 
IC (t) ~ reduction 






XS 


Cex, Rex series 
network | 





2xfVin(t) 


Check for current saturation using the following for- 
mula: 


j Vp2 xf Cex 


lo = 
1+j2nfCex(R+46) 


For Rex, Cex, and Lex networks, the following formu- 
lae are used: 


inc -j 1420 Cex 2 nf 
1 - Lex Cex ( 2nf)* +j (Rex +46) Cex 2 rf 
= 14200 Cexart 
vI[4 - Lex Cex (2nf)?]* +[( Rex +46) Cex 2nf]? 
_1- tant f Rex +46) (Cex se 
2 1- Lex Cex (2nf) 2 
Center Frequency f, =_——1_ 
2nVLex Cex 
Rex +46 ) Cex 
Damping Factor ¢_( Rex +46) Cex 
2 VLex Cex 
se (1 gail 
Group Delay dQ_2¢ —_—_____ 
df 2nth 14(467-2)(4 (1 
, . ft Mp. 


This technique adds another pole to the differentiator 
response to attenuate high frequency noise. The 
center frequency damping ratio and group delay are 
chosen to meet system requirements. Values for the 
center frequency are usually from 2 to 10 fmax and the 
damping factor may be from 0.3 to 1. Graphically the 
method is as follows: a 


I(t) 





2nf Vin (t) 
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As with the previous Rex, Cex example, care must be 
taken to insure a 90° phase shift at the frequencies of 
interest (1f and 2f or 1.25 MHz and 2.5 MHz). This 
requirement is modified by any need to compensate for 
phase distortion caused by preceding signal process- 


ing. 


EFFECT OF GAIN TOLERANCE 


At minimum gain the 1 mVpp input at 1.25 MHz fre- 
quency has the following effects: 


Using the capacitor only results with Cex = 68 pF 


1420 Cex 2 xf 


V1 + (46 Cex 2xf)2 


Using + 17% tolerance, min gain = 0.629 


Differential Gain = = 0.758 nom. 


So with a 661 mVpp input the minimum voltage 
@OUT+, OUT- is 416 mVpp. 


Thus, with all tolerances considered, a 1 mVpp to 
2 mVpp input to the SSI 32R117 will result ina 5 Vpp 
to 416 mVpp input to the zero-crossing detector. 


ONE-SHOT CONSIDERATIONS 


The timing for both one shots conform to the same 
equation: 


t=0.184xCxR 


Setting of the time domain one-shot reflects the ex- 
pected base line shouldering effect at the 1f frequency 
and is set accordingly. Inthis example the output pulse 
width has been set at approximately 30 nsec and the 
time domain filter at approximately 80 nsec. 


EXTERNAL FILTER 


The filter on the output of the read/write amplifier, limits 
the bandwidth of the input to the SSI 32P540. This 
reduces the noise input to the differentiator which can 
produce spurious zero-crossings. The design of this 
filter is not discussed here, but general aspects of its 
transfer function will be discussed. 


On the outer tracks of an ST506 compatible drive using 
a MFM coding technique, the output pulses return to 
baseline or exhibit shouldering as shown in Figure 3. 


This waveform has a high third harmonic content. In 
order to preserve this waveform the filter must not add 
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any distortion to this harmonic. For this reason, the 
most common filter type used is a Bessel Filter which 


has a constant group delay (22) or linear phase shift. 


Thus for a5 Mbit/s MFM waveform a Bessel Filter with 
constant group delay and a -3 dB point of 3.75 MHz is 
required. This is the type of filter is used in the design 
example. 





FIGURE 3: Outer Track Waveform 
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(OUT+ - OUT-) —=s 
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FIGURE 4: 
Effect of Comparator Offset on Output Waveform 





BIT SHIFT OR PULSE PAIRING 


Theoretical consideration of this aspect of pulse repli- 
cation relative solely to the SSI 32P540 indicates that 
comparator offset is the major contributing parameter. 
For sinusoidal inputs the offset produces a non-sym- 
metric waveform as shown in Figure 4. 


The RD, RDoutput pulses have been offset from true 
position (zero-crossing) by an amount At, that is de- 
pendent on Voffset and OUT+, OUT- amplitude. 

This relationship is: 


At= + sin7'/ — VottL (radians ) 
WwW Vp | | 
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So, referring to previous results: | | Using this technique and a sinusoidal input to DIN+ of 


when OUT+. OUT- 5 Vpp @2.5 MHz varying amplitude at 1:25 ee and 2.5 MHz, the 
. following results were obtained. | 


At = 0.13 nsec 
when OUT+, OUT- = 416 mVpp @1.25 MHz DINE Input RD+ Pulse Jitter | RD+ Pulse Jitter (4At) nsec nsec 
At = 3.1 nsec = p | | 4.25MHz | 25MHz | 





As can be seen in Figure 4, the center pulse has been 
shifted from its true position by 2 At. So forthis example 
the Bit Shift contributed by the SSI 32P540 is: 


0.26 nsec at maximum input and frequency 
6.2 nsec at minimum input and frequency 


In some literature this effect is called Pulse Pairing. If 
the RD+, RD- waveform is displayed on an oscillo- 
scope with the trigger holdoff adjusted to fire on suc- 
ceeding pulses the following waveform is observed: 


Pulse Pairing 


where ts - ty = 4 At or 2 x (Bit Shift) 





PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 





32P540 | 32P5402 it” 32P5403 
28-Pin PDIP 28-Pin PDIP | 28-Pin PDIP 
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PACKAGE PIN DESIGNATIONS (Continued) 


( 28-Pin PDIP 55°C/W 
a oe - nu i eS © tui 2 & 
nu x we > w bk 5 
6 3S B 5 5 8 5 é > B a a 8 re) 6 > B ao Aa $ © 
= = = = an [) z= = = || om =a td = _ ae —_™ = = = 
4 3 2 1 2 3 2 1 4 3 2 1 2 
c- [5 251] out. c- U5 25 |] our- G- [5 25] OurT- 
IN+ []6 241] HSo IN+ L]6 241] HSo IN+ [6 241] Hso 
in- []7 23} DIN+ In- []7 231] DIN+ In- []7 23 [] DIN+ 
Gnp [la 221] pIN- AGND []8 221} bINn- AGND []8 22 |] DIN- 
VFLT [Jo 21{] AST DGND []9 21[] AST DGND []9 21 [| HST 
vs L10 201] Hs1 VFLT [}10 20{] Hs1 VFLT [10 20{] Hs1 
RD []11 19[] os1 vs [}11 19} ] OS1 vs []11 19] ] OS1 
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THERMAL CHARACTERISTICS: © ja 
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eR Gg e BB ee eee 8 5 292 bE 8 5 
§ 3 FS 
32P540 32P5402 32P5403 
28-Pin PLCC 28-Pin PLCC 28-Pin PLCC 








ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32P540 Read Data Processor 
28-Pin PDIP SSI 32P540-CP SSI 32P540-CP 
Dual GND PDIP SSI 32P5402-CP SSI 32P5402-CP 



















No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32P541 is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 
The circuit will handle data rates up to 15 Mbits/sec. 


In read mode the SSI 32P541 provides amplification 
‘and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli- 
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 


Inwrite mode the circuitry is disabled andthe AGC gain 
stage input impedance is switched to a lower level to 
allow fast setting of the input coupling capacitors during 
a write to read transition. The SSI 32P541 requires 
+5V and +12V power supplies and is available in a 
24—pin DIP and 28-pin PLCC. 


SSI 32P541 


Read Data Processor 





June, 1989 
FEATURES 


¢ Level qualification supports high resolution MFM 
and RLL encoded data retrieval 


¢ Wide bandwidth AGC input amplifier 

* Supports data rates up to 15 Mbits/sec 

* Standard 12V + 10% and 5V + 10% supplies 
* Supports embedded servo pattern decoding 
¢ Write to read transient suppression 


°¢ Fast and slow AGC attack regions for fast transient 
recovery 





BLOCK DIAGRAM 





DIN+ = CIN 


FULL WAVE RECTIFIER 


DGND AGC LEVEL 
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CIRCUIT OPERATION 


READ MODE 


In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 


The amplified head signals are AC coupled to the IN + 
and IN - pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN—) 
voltage level and comparing itto areference level atthe 
AGC pin. A fast attack mode, which supplies a 1.7 mA 
charging current for the capacitor at the BYP pin, is 
entered whenever the instantaneous DIN + level is 
more than 125% of setlevel. Between 100% and 125% 
the slow attack mode is invoked, providing 0.18 mA of 
charging current. The two attack modes allow rapid 
AGC recovery from a write to read transition while re- 
ducing zero crossing distortion once the amplifier is in 
range. 


setting the AGC slow attack and decay times slow 
enough to minimize distortion of the clock path signal. 
This “feed-forward” technique, utilizing a fraction of the 
rectified data path input available at the LEVEL pin as 
the hysteresis threshold, is especially useful inthe slow 
decay mode of the AGC loop. By using a short time 
constant for the hysteresis level, the qualification 


-method can continue as the AGC amplifier gain is 


slowly ramped up. This level will also shorten the write 
to read transient recovery time without affecting data 
timing as the circuit will be properly decoding before the 
AGC gain has settled to its final value. The comparator 
output is the “D” input of a D type flip-flop. The DOUT 
pin provides a buffered test point for monitoring this 
function. | 


The filtered clock path signal is differentiated to trans- 
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 


- zero-crossing. The pulses are used to clock the D type 


flip-flop. The COUT pin is a buffered test point for 


monitoring this function. — 


The level at the AGC pin should be set such that the 


differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp atthe OUT+, OUT- pins which allows forupto 6 dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 


Gain of the AGC section is nominally 


Av2 =exp-( Vv2-V 
Av1 5.8+Vt 


Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. , 


Vt = (K x T)/q = 26 mV at room temperature. 


One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. | 


The filtered data path signal is fed into a hysteresis 
comparator that is set at a fraction of the input signal 
level by using an external filter/network between the 
LEVEL and HYS pins. Using this approach allows 


The differentiator function is set by an external network 
between the DIF+, DIF- pins. The transfer function is: 


| AV a-____-2000Cs 
LCs* +(R+92)Cs+1 
Where: C = external capacitor (20 pF to 150 pF) 
L = external inductor | 
_ R= external resistor 
S = jw = j2nf 


During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 


the signal input to CIN+, CIN-. The D input to the 
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flip—flop only changes state when the signal applied to 
the DIN+, DIN- inputs exceeds the hysteresis com- 
parator threshold opposite in polarity to the previous 
peak that exceeded the threshold. 


The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed the hysteresis comparator 
threshold. 


The delays from CIN+, CIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. _ 
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WRITE (DISABLED) MODE 


Inthe write or disabled mode (R/W input low) the digital 
Circuitry is disabled and the AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gain is 
set to maximum so that the loop is in its fast attack 


SSI 32P541 
Read Data Processor 





that requires care in layout. The designer should keep 
analog signal lines as short as possible and well 
balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P541 and associated circuitry grounds from 








mode when changing back to Read Mode. The low- other circuits on the disk drive PCB. 


ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P541 and read/write 


preamplifier, such as the SSI 32R510. READ - Read amp on, AGC ac- 


tive, Digital section active 


HOLD - Read amp on, AGC 
gain held constant Digital sec- 


Internal SSI 32P541 timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 


tion active 


WRITE - AGC gain switched to 
maximum, Digital section inac- 
tive, common mode input resis- 


LAYOUT CONSIDERATIONS tance reduced | 


The SSI 32P541 is a high gain wide bandwidth device 








PIN DESCRIPTION 











DESCRIPTION 

5 volt power supply 

12 volt power supply 

Analog and Digital ground pins 

TTL compatible read/write control pin 
Analog signal input pins — 

AGC Amplifier output pins 

The AGC timing capacitor is tied between this pin and AGND 

TTL compatible pin that holds the AGC gain when pulled low 
Reference input voltage level for the AGC circuit 

Analog input to the hysteresis comparator 

Hysteresis level setting input to the hysteresis comparator 

Provides rectified signal level for input to the hysteresis comparator 
Buffered test point for monitoring the flip-flop D input - 
Analog input to the differentiator 

Pins for external differentiating network 

Buffered test point for monitoring the clock input to the flip-flop 
Connection for read output pulse width setting capacitor 

TTL compatible read output 


TYPE 


O 


pe) <i< 
| O 
O10 








AGND, DGND 

= | 
IN+, IN- 
OUT+, OUT- 
BYP 





—~ 












C 
DIN+, DIN- 


> 
i 


ae 
=< 
Y” 


LEVEL 
DOUT 
CIN+, CIN- 
DIF+, DIF- 
COUT 









Y 
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ELECTRICAL CHARACTERISTICS aa 
Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj < 135 °C. 


_ ABSOLUTE MAXIMUM RATINGS — _ | [as | 
pe | Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER _ 
5V Supply Voltage, VCC_ ca arr a Fee | 
12V Supply Voltage, VDD } ey 
°C 
v 
ma 
















Write to Read Transition Time AGC settling not included, 
i transition to high input 
resistance 


Read to Hold Transition Time . _ 
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WRITE MODE 


PARAMETER CONDITIONS 


Common Mode Input Impedance | R/WB pin = low 
(both sides) 





READ MODE 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q 
and each side is loaded with < 10 pF to GND, a 2000 pF capacitoris connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 


AGC AMPLIFIER 


PARAMETER CONDITIONS 


Differential Inout Resistance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz 


Differential Input Capacitance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz 


Common Mode Input Impedance | R/W pin high 
(both sides) R/W pin low 


Minimum Gain Range 1 1.0 Vpp < V(OUT+ — OUT-) 
< 2.5 Vpp 
Input Noise Voltage 
Bandwidth Gain set to maximum 3 
-3 dB point - : 
3.0 


Maximum Output Voltage Swing | Set by AGC pin voltage 


Maximum AGC Amplifier Output 

Offset 

OUT+ to OUT- Pin Current No DC path to GND 
Output Resistance 
Output Capacitance 
(DIN+ — DIN-) Input Voltage 30 mVpp V(IN+ — IN-) 0.56 Vpp/V 
Swing VS AGC Input Level < 550 mVpp 0.5 Vpp | 
% 


< V(DIN+ — DIN-) < 1.5 Vpp 


(DIN+ — DIN-) Input Voltage 30 mVpp V(IN+ — IN-) 
Swing Variation < 550 mVpp AGC Fixed, 
over supply & temperature | | 


Gain Decay Time (Td) Vin = 300 mVpp—> 150 mVpp 
7 at 2.5 MHz, Vout to 90% of 
final value Figure 1a 


Gain Attack time (Ta) From Write to Read transition 
to Vout at 110% of final value 
Vin = 400 mVpp @ 2.5 MHz. 
Figure 1b 
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_| Common Mode Input Impedance | (both sides) 


_| Differential Input Capacitance V(DIN+ — DIN-) = 100 mVpp 
| | @ 2.5 MHz 
| Peak Hysteresis Voltage vs HYS | At DIN+, DIN- pins 0.16 
pin voltage (input referred) 1V < V (HYS) < 3V 


| DOUT Pin Output Low Voltage 0.0<IOL<0.5 mA -4.0 


SSI 32P541 
Read Data Processor 


AGC AMPLIFIER (Continued) 7 
PARAMETER ~~ ~—_ | CONDITIONS 
Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V | 
Current | | V(AGC) = 2.2V 
Slow AGC Capacitor Charge V(DIN+ — DIN-) = 1.6V Vary 
Current V(AGC) until slow discharge 
Fast to Slow Attack Switchover V(DIN+—DIN-) | 7 
Point V (DIN+—DIN-) Final 
AGC Capacitor Discharge Current} V(DIN+— DIN-) = 0.0V 
Read Mode 
Hold Mode 


CMRR (Input Referred V(IN+) = V(IN-) = 100 mVpp 
@ 5 MHz,gain at max. 


PSRR (Input Referred) AVCC or AVDD = 100 mVpp 
@ 5 Mkz, gain at max. 





HYSTERESIS COMPARATOR 


PARAMETER CONDITIONS 
Input Signal Range aaa eneneane: 


Differential Input Resistance V(DIN+ — DIN-) = 100 mVpp 
@ 2.5 MHz 
( 







Comparator Offset Voltage HYS pin at GND, < 1.5 KQ 
. across DIN+, DIN- | 


HYS Pin Input Current 1V < V (HYS) <3V 


Level Pin Output 0.6 <| V (DIN+ — DIN-) | 
Voltage vs V(DIN+ — DIN-) <1.3 Vpp, 10 KQ from LEVEL 
| | pin to GND 


LEVEL Pin Max Output Current Rd 
LEVEL Pin Output Resistance (LEVEL) = 0.5 mA | 





1.5 















S 
oO [o) 
fen) 


< 
O 
Oo 
ns 
o1 





DOUT Pin Output High Voltage | 0.0<IOH<0.5mA } 
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ACTIVE DIFFERENTIATOR 


PARAMETER CONDITIONS | MIN | 
Input Signal Range ea inea iii 


Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp 5.8 
@ 2.5 MHz 

1.7 

+1.3 















Differential Input Capacitance V(CIN+ — CIN-) = 100 mVpp 
@ 2.5 MHz 
Common mode Input Impedance | (both sides) 


R(DIF+ to DIF-) = 2KQ 


Differentiator Impedance 
- must be set so as not to clip 
signal at this current level 


Comparator Offset Voltage DIF+, DIF- are AC Coupled 
COUT Pin Output Low Voltage | 0.0<IOH<0.5mA 


COUT Pin Output Pulse voltage 0.0<IOH<0.5 mA +0.4 
V(high) - V(low) 
COUT Pin Output Pulse Width | 0.0<IOH<0.5mA Ey Oe i 


OUTPUT DATA CHARACTERISTICS (See Figure 2) 

Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ — DIN-) = 1.0 Vpp AC coupled since wave at 2.5 MHz 
differentiating network between DIF + and DIF- is 100Q in series with 65 pF, V (Hys) = 1.8 DC, a60 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 KQ resistor to VCC and a 10 pF capacitor to GND. 


PARAMETER CONDITIONS 


D-Flip-Fiop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 
exceeding threshold to 
V(DIF+ — DIF-) reaching 

a peak 


Propagation Delay (Td3) rr 














Voltage Gain From CIN+ to DIF+ 
DIF+ to DIF- Pin Current 


NOM 
= 
Pa 
a 
a 





















Output Data Pulse Width Td5 = 670 Cos, 
Variation 50 pF < Cos < 200 pF 
Pulse Pairing Td3 - Td4 


Output Rise Time VOH = 2.4V 
Output Fall Time VOL = 0.4V Cd 
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— 


< pe 


V (OUT+ - OUT-) 
V (OUT+ — OUT-) 





FIGURE 1(a), (b): AGC Timing Diagrams 


+HYSTERESIS LEVEL 
V (CIN+ — CIN-) 

an 
V (DIN+ — DIN-) 


HYSTERESIS LEVEL 


V (DIN+ — DIN-) 


V (COUT) 
FLIP-FLOP CLOCK 


V (DOUT 
FLIP-FLOP D INPUT 


Ta r th 


ADCUIEUT Fe 
READDATA “iets SSSS~S 
Tds 





FIGURE 2: Timing Diagram 
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TO SERVO CIRCUIT 


[ | 001pF | 

| 

| | 

| | B 

I ‘ 

| 

| 1 

| | 001 pF | 

t ' 

i 

| | 

| | ia] | SReAD DATA 

q 

| | | 

| t 002 | 

| | HF | 

| 

' 

| 

| READAWRITE | ia | 

| AMPLIFIER | | 

1 ' 

| | | 
| 

! | | 

i { i 

1 t ' 

E : 

| | 


se an pent 


DIGITAL 
GROUND 


READ/WRITE 
SERVO HOLD 


READ/WRITE 
CONTROL & WRITE 
DATA, 





NOTE: Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both capacitors returned to the Analog Ground Pin. 
NOTE: Component values, where given, are for a 5Mbits/s system. 


FIGURE 3: Typical Read/Write Electronics Set Up 
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PACKAGE PIN DESIGNATIONS 








(TOP VIEW) _. 3 
DIF- || 4 24] | CIN+ 
DIF+ || 2 23 | | DIN+ 
HYS 113 22 | | CIN- 
LEVEL | | 4 21 | | DIN- 
AGC || 5 20 | | OUT- 
IN+ 116 19 | | OUT+ 
IN- || 7 18] | AGND 
HOLDB | | 8 17 | | BYP 
vpp || 9 16 | | DGND 
COUT | | 10 | | DOUT 
RWB [| 11 14 | | RD- = SSS 
-oS || 12 13 |} vcc 6 2 3 2 2 3 
24-Lead PDIP, SOL 28-Lead PLCC 


THERMAL CHARACTERISTICS: © ja 


115°C/W 
8 


0°C/W 
CAUTION: Use handling procedures necessary 








ORDERING INFORMATION 


| 2 PART DESCRIPTION ORDERING NUMBER 
SSI 32P541 Read Data Processor | 


| 24-Lead PDIP 7  SS132P541-P SS1 32P541-P 
28-Lead PLCC SSI 32P541-CH SSI 32P541-CH 
| 24-Lead SOL SSI 32P541-CL SSI 32P541-CL 


PACKAGE MARK 












No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32P541A is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 


In read mode the SSI 32P541A provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli- 
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 


Inwrite mode the circuitry is disabled andthe AGC gain 
stage input impedance is switched to a lower level to 
allow fast setting of the input coupling capacitors during 
a write to read transition. The SSI 32P541A requires 
+5V and +12V power supplies and is available in a 
28-pin PLCC, 24-pin DIP and 24-pin SOL. 


June, 1989 


FEATURES 


Level qualification supports high resolution 
MFM and RLL encoded data retrieval 


Wide bandwidth AGC input amplifier 
Standard 12V + 10% and 5V + 10% supplies 
Supports embedded servo pattern decoding 
Write to read transient suppression 


Fast and slow AGC attack regions for fast 
transient recovery 


Internal voltage fault indicator 


< +1.5 ns pulse pairing 





BLOCK DIAGRAM 


OUT+ OUT-  DIN- DIN+ ~—CIN- 
J 


FULL WAVE RECTIFIER 





DGND AGC LEVEL 


DIF- DIF+ vcc VOD 


ONE SHOT 


REFERENCE ff: 
GENERATOR |: 


HYS DOUT 
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CIRCUIT OPERATION 


READ MODE 


In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 


The amplified head signals are AC coupled to the IN + 
and IN - pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN—) 
voltage level and comparing itto a reference level atthe 
AGC pin. A fast attack mode, which supplies a 1.7 mA 
charging current for the capacitor at the BYP pin, is 
entered whenever the instantaneous DIN + level is 
more than 125% of setlevel. Between 100% and 125% 
the slow attack mode is invoked, providing 0.18 mA of 
charging current. The two attack modes allow rapid 
AGC recovery from a write to read transition while re- 
ducing zero crossing distortion once the amplifier is in 
range. 


The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp at the OUT+, OUT- pins which allows forupto 6 dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 


Gain of the AGC section is nominally 


AV2 exp —( Ya-i | 
Avi 5.8+Vt 


Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 


Vt = (K x T)/q = 26 mV at room temperature. 


One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. 


The filtered data path signal is fed into a hysteresis 
comparator that is set at a fraction of the input signal 
level by using an external filter/network between the 
LEVEL and HYS pins. Using this approach allows 
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setting the AGC slow attack and decay times slow 
enough to minimize distortion of the clock path signal. 
This “feed-forward” technique, utilizing a fraction of the 
rectified data path input available at the LEVEL pin as 
the hysteresis threshold, is especially usefulin the slow 
decay mode of the AGC loop. By using a short time 
constant for the hysteresis level, the qualification 
method can continue as the AGC amplifier gain is 
slowly ramped up. This level will also shorten the write 


_ to read transient recovery time without affecting data 
_ timing as the circuit will be properly decoding before the 
- AGC gain has settled to its final value. The comparator 


output is the “D” input of a D type flip-flop. The DOUT 
pin provides a buffered test point for monitoring this 
function. 


The filtered clock path signal is differentiated to trans- 
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 
zero-crossing. The pulses are used to clock the D type 
flip-flop. The COUT pin is a buffered test point for 
monitoring this function. 


The diffe rentiatorfunction is set by an external network 
between the DIF+, DIF- pins. The transfer function is: 


AV = - 2000Cs 
~LCs*+(R+4+92)Cs +1 


Where: C = external capacitor (20 pF to 150 pF) 
L= external inductor | 
R = external resistor 
= Jo = j2nf. 


During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 
the signal input to CIN+, CIN-. The D input to the 
flip—flop only changes state when the signal applied to 
the DIN+, DIN- inputs exceeds the hysteresis com- 
parator threshold opposite in polarity to the previous 
peak that exceeded the threshold. 


The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed we hysteresis eee 
threshold. | , | 


The delays from CIN+, CIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 
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WRITE (DISABLED) MODE 


Inthe write or disabled mode (R/W input low) the digital 
circuitry is disabled andthe AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gainis 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low- 
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P541A and read/ 
write preamplifier, such as the SSI 32R510. 


Internal SSI 32P541A timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 














ahs 
PIN DESCRIPTION 


TYPE 







DESCRIPTION 





IN+, IN- 
OUT+, OUT- 
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READ - Read amp on, AGC active, Digital section active 


a a ae HOLD - Read amp on, AGC gain held constant Digital section active | 


WRITE - AGC gain switched to maximum, Digital section inactive, common 
mode input resistance reduced 





5 volt power supply 


aaa 

TF ta ot power spniy 

ee 

a ae TTL compatible read/write control pin 

| 1 | Anatogsignalinput pins 

|O | AGC Ampitieroutputpins 
|__| The AGC timing capacitors tied between this pin and AGND 
|__| TTL compatible pin that holds the AGC gain when pulled ow 
| _1 __| Reference input voltage level forthe AGC circuit 

ed 
|__| _| Hysteresis level setting input to the hysteresis comparator 
|__| Provides rectified signal level for input to the hysteresis comparator 
Fo | euteredtest point tor monitoring the tip-op D input 


SSI 32P541A 
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LAYOUT CONSIDERATIONS 


The SSI 32P541 Ais a high gain wide bandwidth device 
that requires care in layout. The designer should keep 
analog signal lines as short as possible and well 
balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of. the 
SSI 32P541A and associated circuitry grounds from 
other circuits on the disk drive PCB. | 


LOW VOLTAGE FAULT DETECTION 


A low voltage detection dircuit monitors both supplies 
and pulls an open collector TTL output low when either 
supply drops below their trip point. This option is 
available only in the 28-pin PLCC package. 




















mar 
ie voo +0 
[ro SSSS*di Vp ec sare f mA 
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PIN DESCRIPTION (Continued) 














DESCRIPTION 
_ Analog input to the differentiator 


Pins for external differentiating network | : | 


Buffered test point for monitoring the clock input to the flip-flop 


fos | Connection for read output pulse width setting capacitor 





TTL compatible read output 


Open collector output that goes low when a low power supply fault is 
detected. 


*VFLT output offered in 28-pin PLCC package only. 





ELECTRICAL CHARACTERISTICS 
Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj < 135 °C. 


ABSOLUTE MAXIMUM RATINGS , | 
Operation above absolute maximum ratings may permanently damage the device. , 


PARAMETER RATING UNIT 
5V Supply Voltage, VCC ae ae 
12V Supply Voltage, VDD 
















All others -0.3 to VDD + 0.3 






R/W, IN+, IN-, HOLD, VFLT : -0.3 to VCC + 0.3 


POWER SUPPLY 


[panaweten | conpmions | wn | Now 
| ICC-VCC Supply Current | Outputsunloaded = | | 
Fi0p- VoD supp Curent | Oubpusunoaced «|| 
[Pa Power Dissipation | Cua unloaded 7)= 106° [| 










Ca 
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LOGIC SIGNALS 


PARAMETER CONDITIONS | MIN | 
VIL - Input Low Voltage 
VIH - Input High Voltage 










MODE CONTROL 


PARAMETER CONDITIONS 
Read to Write Transition Time eee el 


Write to Read Transition Time 











AGC settling not included, 
transition to high input 
resistance 


Read to Hold Transition Time ar 


WRITE MODE 


PARAMETER CONDITIONS | MIN. | 













Common Mode Input Impedance | R/W pin = low 
(both sides) 





READ MODE 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q 
and each side is loaded with < 10 pF to GND, a 2000 pF capacitoris connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 


AGC AMPLIFIER 


PARAMETER CONDITIONS 


Differential Input Resistance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz | 
Differential Input Capacitance V(IN+ — IN-) = 100 mVpp 10 pF. 
@ 2.5 MHz 
Common Mode Input Impedance | R/W pin high Eo 
(both sides) R/W pin low | | 025 | 
Minimum Gain Range 1.0 Vpp < Vi(OUT+ — OUT-) 4.0 83 VIV 
< 2.5 Vpp : 
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| Maximum Output Voltage Swing | Set by AGC pin voltage [Sa0r 
| Output Resistance | 


| AGC Capacitor Discharge Current 


PSRR (Input Referred) AVCC or AVDD = 100 mVpp 30 
ay @ 5 MHz, gain at max. | i 


SSI 32P541A 
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AGC AMPLIFIER (Continued) 


PARAMETER =———_|_ CONDITIONS Min | NOM | 









| Bandwidth Gain set to maximum 30 
= | -3 dB point 


| OUT+ to OUT- Pin Current No DC path to GND +3.2 










Output Capacitance Ses 


Maximum AGC Amplifier 
Output Offset 


(DIN+ — DIN-) Input Voltage 
Swing VS AGC Input Level 








30 mVpp V(IN+ — IN-) 
< 550 mVpp 0.5 Vpp 
< V(DIN+ — DIN-) < 1.5 Vpp - 


30 mVpp V(IN+ — IN-) Bs 
< 550 mVpp AGC Fixed, © 
over supply & temperature . 


Vin = 300 mVpp—> 150 mVpp 
at 2.5 MHz, Vout to 90% of 
final value Figure 1a 


From Write to Read transition 
to Vout at 110% of final value 
Vin = 400 mVpp @ 2.5 MHz. 

Figure 1b 


V(DIN+ - DIN-) = 1.6V. 
V(AGC) = 2.2V 









(DIN+ — DIN-) Input Voltage 
Swing Variation 


Gain Decay Time (Td) | 


Gain Attack time (Ta) 


Fast AGC Capacitor Charge 
Current | | . 
| Slow AGC Capacitor Charge — |: V(DIN+— DIN-) = 1.6V Vary | 
Current : _V(AGC) until slow discharge 
Fast to Slow Attack Switchover V( DIN+— DIN- ) 
Point | V(DIN+—DIN-) Final 
V(DIN+ — DIN-) = 0.0V 
Read Mode. 


Hold Mode 


V(IN+) = V(IN-). = 100 mVpp | 
@ 5 MHz,gain at max. © 










































AS 
Ol 








CMRR (Input Referred) 





an F 
© » | ree) 
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HYSTERESIS COMPARATOR 


PARAMETER CONDITIONS 
Input Signal Range | 


Differential Input Resistance V(DIN+ — DIN-) = 100 mVpp 
| @ 2.5 MHz 

Differential Input Capacitance — V(DIN+ — DIN-) = 100 mVpp 
@ 2.5 MHz 






Common Mode Input Impedance | (both sides) 


Comparator Offset Voltage HYS pin at GND, < 1.5 KQ 
| across DIN+, DIN- 


Peak Hysteresis Voltage vs HYS | At DIN+, DIN- pins 0.16 
pin voltage (input referred) 1V<V(HYS)<3V. 
) 


HYS Pin Input Current | Ve V(HYS) <3V | 0.0 | 


Level Pin Output 0.6 <| V (DIN+ — DIN-) | 
Voltage vs V(DIN+ — DIN-) <1.3 Vpp, 10 KQ from LEVEL 
: pin to GND : 


V(HYS) = At a typical of 60% 
*V(AGC) or V(LEVEL) 

1V < V(HYS) < 3V 

*see figures 5 & 6 


LEVEL Pin Output Resistance | I(LEVEL) = 0.5 mA | | 180 
DOUT Pin Output Low Voltage | 0.0<IOL<0.5mA 


DOUT Pin Output High Voltage 0.0<IOH<0.5 mA : Pd 


* In an open loop configuration where reference is V(AGC) tolerance can be slightly higher. 

































Hysteresis threshold margin as 
a % of V(DIN+ — DIN-) peak 





















ACTIVE DIFFERENTIATOR 
PARAMETER CONDITIONS 


Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp 
@ 2.5 MHz 
Differential Input Capacitance V(CIN+ — CIN-) = 100 mVpp pF 
| @ 2.5 MHz 


‘Common mode Input Impedance (both sides) 


Differentiator Impedance 
must be set so as not to clip 
signal at this current level 





Voltage Gain From CIN+ to DIF+ 
DIF+ to DIF- Pin Current 












2-31 





SSI 32P541A 
Read Data Processor 


ACTIVE DIFFERENTIATOR (Continued) 


PARAMETER | CONDITIONS 
Comparator Offset Voltage DIF+, DIF- are AC Coupled 
COUT Pin Output Low Voltage 0.0<IOH<S0.5 mA 


COUT Pin Output Pulse voltage 0.0<IOH<0.5 mA 
V(high)- V(low) | : 


en aa 
/ [veo so. v 
Kc BO 
COUT Pin Output Pulse Width | 0.0<IOH<0.5mA p80 | 
OUTPUT DATA CHARACTERISTICS (See Figure 2) - | 
Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ — DIN-) = 1.0 Vpp AC coupled sine wave at 2.5 MHz 


differentiating network between DIF+ and DIF- is 100Qin series with 65 pF, V (Hys) = 1.8 DC, a60 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 KQ resistor to VCC and a 10 pF capacitor to GND. 


PARAMETER : | CONDITIONS | 


D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 
exceeding threshold to 
V(DIF+ — DIF-) reaching 

a peak 






























Propagation Delay (Td3) 


Output Data Pulse Width Td5 = 670 Cos, 
Variation 50 pF <Cos<200pF _ 


Pulse Pairing (Td3 - Td4) © | 
Output Rise Time | VOH = 2.4V 
Output Fall Time | VOL =0.4V : 


SUPPLY VOLTAGE FAULT DETECTION 


PARAMETER CONDITIONS | MIN 


VOL Output Low Voltage 45<VCC<5.5V, © 
| | lOL=16mA 
1.0< VCC < 4.5V, 
lOL = 0.5 mA | 
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= 


V (OUT+ — OUT-) 


V (OUT+ — OUT-) AvAN 90% 
(a) 





FIGURE 1(a), (b): AGC Timing Diagrams 


+HYSTERESIS LEVEL 
V (CIN+ — CIN-) 
V (DIN+ — DIN-) 


-HYSTERESIS LEVEL 


rake 


V (DIN+ — DIN-) 


V (COUT) 
FLIP-FLOP CLOCK 


V (DOUT) 
FLIP-FLOP D INPUT 


T. 


d3 r i 
Oe ah irode o e 
READ DATA Tas 
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FIGURE 2: Timing Diagram 
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TO SERVO CIRCUIT 
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BUFFER 





E ie: ican ai tT st pes B 


.00 1pF 


Epa READ DATA 


.002 
pF 


aaa it tad ee oR aS 


5V 
50 pF 
READ/WRITE | 


AMPLIFIER ANALOG 


GROUND 


Ne cee ee ca at ee — 







DIGITAL 
GROUND 


READ/WRITE 
SERVO HOLD 


READ/WRITE 
CONTROL & WRITE 
TA 


NOTE: Circuit traces for the 12V bypass capacitor and the AGC Hold capacitor should be as short as 
possible with both capacitors returned to the Analog Ground Pin. Component values, where given, 
are for a 5Mbit/s system. 

Above pin numbers are for the 28-pin PLCC package. 


FIGURE 3: Typical Read/Write Electronics Set Up 
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V(DIN+ — DIN-) “PEAK V (internal) 


FULL WAVE 
RECTIFIER V(HYS) = K% of V(LEVEL) 





V(LEVEL) 


To AGC 
Charge Pump 





FIGURE 4: Feed Forward Mode 


For V(HYS) = 
+15% (max) K% of V(LEVEL) 


Typically ~ 60% 
Typical ~ 60% 


~—15% (min) 


Hysteresis Threshold as a 
% of V(DIN+ — DIN-) Peak 


Frequency 





FIGURE 5: Percentage Threshold vs. Frequency 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) | 


© [}HYS 

nm |] DIF+ 

= |] DIF 
|| CIN+ 
| DIN+ 
|} CIN 


LEVEL []5 . 251] VFLT 
AGC |{|6 241] DIN- 
IN+ | |7 23 |} OUT- 
IN- []8 22 1| OUT+ 
HOLD [j9 21 || AGND 


VDD []10 20 /] BYP 






19 |] DGND 









13 


14 15 17 





16 


Poa be eek Ee 
© 2) O 
Z2 Of 2 





DOUT | | 


24-Lead PDIP, SOL | . . -28-Lead PLCC 


THERMAL CHARACTERISTICS: © ja 


24-LeadPDIP | 115°C/W 
24-Lead SOL B0°C/W 
| 28-Lead PLCC 







CAUTION: Use handling procedures necessary 
for a static sensitive component. 








ORDERING INFORMATION 












: PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


~ SSI 32P541A Read Data Processor | . 
24-Lead PDIP SSI 32P541A-P SSI 32P541A-P 







28-Lead PLCC SSI 32P541A-CH SSI 32P541A-CH 
24-Lead SOL SSI 32P541A-CL SSI 32P541A-CL 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. . 
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DESCRIPTION 


The SSI 32P541B is a bipolar integrated circuit that 
provides all data processing necessary for detection 
and qualification of MFM or RLL encoded read signals. 


In read mode the SSI 32P541B provides amplification 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli- 
fier is used to compensate for variations in head 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loop can 
be disabled so that a constant gain can be used for 
embedded servo decoding or other processing needs. 


Inwrite mode the circuitry is disabled andthe AGC gain 
stage input impedance is switched to a lower level to 
allow fast setting of the input coupling capacitors during 


as ml 


SSI 32P541B 


Read Data Processor 





June, 1989 


FEATURES 


Level qualification supports high resolution 
MFM and RLL encoded data retrieval 


Wide bandwidth AGC input amplifier 
Standard 12V + 10% and 5V + 10% supplies 
Supports embedded servo pattern decoding 
Write to read transient suppression 


Fast and slow AGC attack regions for fast 
transient recovery 


Internal voltage fault indicator 


< +1.0 ns pulse pairing 





a write to read transition. The SSI 32P541B requires 24 Mb/s operation 
+5V and +12V power supplies and is available ina 
28-pin PLCC, 24-pin DIP and 24-pin SOL. 
BLOCK DIAGRAM 
OUT+ OUT- DIN- DIN+  CIN- DIF- DIF+ vec VDD 





DGND AGC LEVEL 


ONE SHOT 
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CIRCUIT OPERATION 


READ MODE 


In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. 


The amplified.head signals are AC coupled to the IN + 
and IN - pins of the AGC amplifier that is gain controlled 
by full wave rectifying and amplifying the (DIN+ - DIN-) 
voltage level and comparing itto a reference level atthe 
AGC pin. A fast attack mode, which supplies a 1.7 mA 
charging current for the capacitor at the BYP pin, is 
entered whenever the instantaneous DIN + level is 
more than 125% of setlevel. Between 100% and 125% 
the slow attack mode is invoked, providing 0.18 mA of 
charging current. The two attack modes allow rapid 
AGC recovery from a write to read transition while re- 
ducing zero crossing distortion once the amplifier is in 
range. 


The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 1.00 
Vpp atthe OUT+, OUT- pins which allows for up to 6dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the DIN+, DIN- inputs. 


Gain of the AGC section is nominally 


Av2 exp -( v2-V 
Av1 5.84 Vt 


Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. | | 


Vt = (K x T)/q = 26 mV at room temperature. 


One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 
timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. 


The filtered data path signal is fed into a hysteresis 


comparator that is set at a fraction of the input signal 


level by using an external filter/network between the 
LEVEL and HYS pins. The fullwave rectifier and 


peaks that do not exceed the hysteresis comparator | 


hysteresis comparator are designed to have a suffi- 
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cient 1dB bandwidth to insure constant level pin out- 
puts and hysteresis qualification up to 9 MHz (analog 
sine wave input). Using this approach allows setting 
the AGC slow attack and decay times slow enough to 
minimize distortion of the clock path signal. This “feed- 
forward” technique, utilizing a fraction of the rectified 
data path input available at the LEVEL pin as the 
hysteresis threshold, is especially useful in the slow 
decay mode of the AGC loop. By using a short time 
constant for the hysteresis level, the qualification 
method can continue as the AGC amplifier gain is 
slowly ramped up. This level will also shorten the write 
to read transient recovery time without affecting data 
timing as the circuit will be properly decoding before the 
AGC gain has settled to its final value. The comparator 
output is the “D” input of a D type flip-flop. The DOUT 
pin provides a buffered test point for monitoring this 
function. ~ — 


The filtered clock path signal is differentiated to trans- 
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 
zero-crossing. The pulses are used to clock the D type 
flip-flop. The COUT pin is a buffered test point for 
monitoring this function. | 


The differentiator function is set by an external network. 


between the DIF+, DIF- pins. The transfer function is: 
Where: C = external capacitor (20 pF to 150 pF) 


AV =. -2000Cs 
LCs? +(R+92)Cs+1 


L = external inductor 

R = external resistor 

S = jw = janf | 
During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 
the signal input to CIN+, CIN-. The D input to the 
flip—flop only changes state when the signal applied to 
the DIN+, DIN- inputs exceeds the hysteresis com- 


parator threshold opposite in polarity to the previous 
peak that exceeded the threshold. 


The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 


threshold. | 7 
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The delays from CIN+, CIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 


WRITE (DISABLED) MODE 


In the write or disabled mode (R/W input low) the digital 
circuitry is disabled and the AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gainis 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low- 
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P541B and read/ 
write preamplifier, such as the SSI 32R512. 


Internal SSI 32P541B timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
















AGND, DGND 


IN+, IN- 
OUT+, OUT- 


HOLD 
S 





DIN+, DIN- 


tm READ - Read amp on, AGC active, Digital section active | 
ae HOLD - Read amp on, AGC gain held constant Digital section active 


WRITE - AGC gain switched to maximum, Digital section inactive, common 
mode input resistance reduced | 


DESCRIPTION 


5 volt power supply 





12 volt power supply 


Analog and Digital ground pins 





TTL compatible read/write control pin 

Analog signal input pins 

AGC Amplifier output pins 

The AGC timing capacitor is tied between this pin and AGND 


TTL compatible pin that holds the AGC gain when pulled low 
Reference input voltage level for the AGC circuit 
Analog input to the hysteresis comparator 


Hysteresis level setting input to the hysteresis comparator 
Provides rectified signal level for input to the hysteresis comparator 
Buffered test point for monitoring the flip-flop D input 
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chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 


LAYOUT CONSIDERATIONS 


The SSI 32P541Bis a high gain wide bandwidth device 
that requires care in layout. The designer should keep 
analog signal lines as short as possible and well 
balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P541B and associated circuitry grounds from 
other circuits on the disk drive PCB. 


LOW VOLTAGE FAULT DETECTION 


A low voltage detection dircuit monitors both supplies 
and pulls an open collector TTL output low when either 
supply drops below their trip point. This option is 
available only in the 28-pin PLCC package. 
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PIN DESCRIPTION (Continued) 


TYPE | DESCRIPTION | 


Analog input to the differentiator 


















CIN+, CIN- 
DIF+, DIF- . 
COUT 


Ee et Pins for external differentiating network = | 
Buffered test point for monitoring the clock input to the flip-flop : 
Connection for read output pulse width setting capacitor | 


TTL compatible read output | , 


Open collector output that goes low when a low power supply fault is 
detected. 


*VFLT output offered in 28-pin PLCC package only. 





OS 
VFLT* 


ELECTRICAL CHARACTERISTICS _ — | 
Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj < 135 °C. 


- ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


‘PARAMETER | RATING UNIT | 
5V Supply Voltage, VCC a i. ee 
12V Supply Voltage, VDD i ae ee ee 


V 

_ Storage Temperature 
mA 
V 





: 14 
R/W, IN+, IN-, HOLD, VFLT -0.3 to VCC + 0.3 | 
PRO 0.8 0 VEC + 0.3 oF 412 
All others -0.3to VDD + 0.3: 


POWER SUPPLY 









2-40 0689 


0689 


SSI 32P541B 
Read Data Processor 





LOGIC SIGNALS 


PARAMETER CONDITIONS 






|Vil-InputLowVoltage | Cds 
VIL = 0.4V 


MODE CONTROL 


PARAMETER CONDITIONS 
ReadtoWrite Transition Time [| 


_Write to Read Transition Time AGC settling not included, 





transition to high input 
resistance 


Read to Hold Transition Time tee eee el 


WRITE MODE 


PARAMETER CONDITIONS 








Common Mode Input Impedance | R/W pin = low 
(both sides) | 


READ MODE . 
Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q 
and each side is loaded with < 10 pF to GND, a 2000 pF capacitoris connected between BYP and GND, OUT+ 
is AC coupled to DIN+, OUT- is AC coupled to DIN-, AGC pin voltage is 2.2 VDC. 


AGC AMPLIFIER 


PARAMETER CONDITIONS 


Differential Input Resistance V(IN+ —IN-) = 100 mVpp_. 
@ 2.5 MHz 


Differential Input Capacitance V(IN+ — IN-) = 100 mVpp pF 
@ 2.5 MHz 
Common Mode Input Impedance | R/W pin high — rk 
(both sides) R/W pin low | fos | | 
Minimum Gain Range 1.0 Vpp < V(OUT+ — OUT-) 4.0 83 VN 
< 2.5 Vpp 










SSI 32P541B 
Read Data Processor 


AGC AMPLIFIER (Continued) 
| PARAMETER | CONDITIONS 


Bandwidth | Gain set to maximum 30 
- | -3 dB point 




















| NOM 
30 | 
s32| 
|OutputResistance | 
| Output Capacitance a 


Maximum Output Voltage Swing 





(DIN+ — DIN-) Input Voltage 30 mVpp V(IN+ — IN-) 0.37. 
Swing VS AGC Input Level < 550 mVpp 0.5 Vpp 
— | : < V(DIN+ — DIN-) < 1.5 Vpp 
(DIN+ — DIN-) Input Voltage 30 mVpp V(IN+ — IN-) 
Swing Variation < 550 mVpp AGC Fixed, 
over supply & temperature 


Gain Decay Time (Td) Vin = 300 mVpp—> 150 mVpp | 
at 2.5 MHz, Vout to 90% of 
final value Figure 1a 








Gain Attack time (Ta) From Write to Read transition 
to Vout at 110% of final value 
| Vin = 400 mVpp @ 2.5 MHz. 

Figure 1b 7 - 


Fast AGC Capacitor Charge V(DIN+ - DIN-) = 1.6V 
Current saat V(AGC) = 2.2V 


Slow AGC Capacitor Charge V(DIN+ — DIN-) = 1.6V Vary 
Current | V(AGC) until slow discharge 
V(DIN+-DIN-) 
V(DIN+—DIN-) Final 


V(DIN+ — DIN-) = 0.0V 
| | | Read Mode | ee 
" | Hold Mode ea | -0.2— 
CMRR (Input Referred) V(IN+) = V(IN-) = 100 mVpp , 
| @ 5 MHz,gain at max. 2 
PSRR (Input Referred) AVCC or AVDD = 100 mVpp 
| @ 5 MHz, gain at max. _ 
Maximum AGC Amplifier 
Output Offset . : 


























Fast to Slow Attack Switchover 
Point 









AGC Capacitor Discharge Current 
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HYSTERESIS COMPARATOR 


PARAMETER CONDITIONS 
Input Signal Range a ar 


Differential Input Resistance V(DIN+ — DIN-) = 100 mVpp 
: @ 2.5 MHz 

Differential Input Capacitance V(DIN+ — DIN-) = 100 mVpp © 
| @ 2.5 MHz 


Common Mode Input Impedance | (both sides) 


















Comparator Offset Voltage HYS pin at GND, < 1.5 KQ 10 mV 
across DIN+, DIN- 

Peak Hysteresis Voltage vs HYS | At DIN+, DIN- pins .16 22 VN 

pin voltage (input referred) 1V <V (HYS) < 3V 


HYS Pin Input Current 


Hysteresis Threshold margin as 
a % of V (DIN+ — DIN-) peak 


1V < V (HYS) <3V 


V (Hys) = some % of 
*V (AGC) or V (LEVEL) 
IV < V (Hys) < 3V; f = 0-9 MHz 


0.6 <| V (DIN+ — DIN-) | 
<1.3 Vpp, 10 KQ from LEVEL 
pin to GND . 


| LEVEL PinMax OutputCurrent | | 8.0 eae 
LEVEL Pin OutputResistance | WLEVEL)=05mA | | 180 | | 
| DOUT Pin OutputLow Voltage | 0.0<10L<05ma___—fvop-ao|_—— | vop-28| Vv 
_DOUT Pin Output High Voltage _| O.0sIOHs05mA  |voo-2s] 


*In an open loop configuration where reference is V(AGC) tolerance can be slightly higher 
ACTIVE DIFFERENTIATOR 


Input Signal Range =< eee 


Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp 

@ 2.5 MHz 
Differential Input Capacitance V(CIN+ — CIN-) = 100 mVpp 

@ 2.5 MHz 
Common mode Input Impedance | (both sides) Fai 
Voltage Gain From CIN+ to DIF+ | R(DIF+ to DIF-) = 2 KO 
DIF+ to DIF- Pin Current Differentiator Impedance 
Comparator Offset Voltage DIF+, DIF- are AC Coupled | | 
COUT Pin Output Low Voltage | 0.0<IOH<05mA = || 
COUT Pin Output Pulse voltage 0.0<IOH<0.5 mA 
V(high) - V(low) | 
COUT Pin Output Pulse Width | 0.0<IOH<S0.5mA ed 


must be set So as not to clip 
2-43 



























Level Pin Output 
Voltage vs V(DIN+ — DIN-) 































signal at this current level 







VDD -3.0 


+0.4 


~ 
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OUTPUT DATA CHARACTERISTICS (See Figure 2) | ; | 
Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ — DIN-) = 1.0 Vpp AC coupled sine wave at 2.5 MHz 
differentiating network between DIF+ and DIF-is. 100Qin series with 65 pF, V (Hys) = 1.8 DC, a60 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 KQ resistor to VCC and a 10 pF capacitor to GND. 


PARAMETER 


D-Flip-Flop Set Up Time (Td1) 





















CONDITIONS 


Min delay from V(DIN+ DIN- 
exceeding threshold to 
V(DIF+ — DIF-) reaching 

a peak ar. 



















. |_ Variation 15 pF < Cos < 150 pF 





Output Fall Time | VOL = 0.4V 


SUPPLY VOLTAGE FAULT DETECTION a 


| PARAMETER CONDITIONS 


VCC Fault Threshold oo > 
| VOL Output Low Voltage 








45<VCC<55V, | 

IOL = 1.6 mA 
1.0<VCC<45V, | 
IOL = 0.5 mA 


|OH Output High Current 


Vin = 20 mV -VBYP = 4.1V 


Group 4.5 
Delay (ns) ‘ 


FIGURE 1: AGC Amplifier - Typical Group Delay Variation 
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= 


V (OUT+ — OUT-) 


V (OUT+ — OUT-) NT 90% 
(a) 





FIGURE 1(a), (b): AGC Timing Diagrams 


+HYSTERESIS LEVEL 


V (CIN+ — CIN-) 
an 
V (DIN+ — DIN-) 


HYSTERESIS LEVEL 


V (DIN+ — DIN-) 


V (COUT) : 
FLIP-FLOP CLOCK 


V (DOUT) 
FLIP-FLOP D INPUT 


Td3 r r Td4 


ADOUTPUT 7] dS 
READ OATA. “ggg 
Td5 





FIGURE 2: Timing Diagram 
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TO SERVO CIRCUIT 



















a = “J Tf | is] : | — 


DIGITAL 
GROUND 





2.2 VDC 6.49K 


READMRITE 
SERVO HOLD 


READ/WRITE 
CONTROL & WRITE 
DATA 





NOTE: Circuit traces for the 12V bypass capacitor and the AGC Hold Capacitor should be as short as possible with both capacitors returned 
to the Analog Ground Pin. 


Component values, where given, are for a 24 Mbit/s System. 
Above pin numbers are for the 28-pin PLCC package. 


FIGURE 3: Typical Read/Write Electronics Set Up 
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5V 
| | oo | 33 pF 
| READMWRITE } +12V | | | 
{| AMPLIFIER | | ANALOG LOW { 
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+ 
V(DIN+ — DIN-) “PEAK V (internal) ‘iT 


FULL WAVE 


RECTIFIER YS) = K% of 
VLEVEL) MH M(HYS) = K% of (LEVEL) 





To AGC <tt 
Charge Pump 150 pF 


V(AGC) 





FIGURE 4: Feed Forward Mode 


For V(HYS) = 
+15% (max) K% of V(LEVEL) 


Typically ~ 60% 
Typical ~ 60% 


~15% (min) 


Hysteresis Threshold as a 
% of V(DIN+ — DIN-) Peak 


Frequency 





FIGURE 5: Percentage Threshold Versus Frequency 
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PACKAGE PIN DESIGNATIONS © 
(TOP VIEW) . 


» |} HYS 

nm |] DIF+ 

= {| pir 
|| CIN+ 
| DIN+ 
|} CIN 


® LINC 


VFLT 
AGC | |6 241} DIN- 
IN+ [7 23 |] OUT- 
IN- []8 22 || OUT+ 
HOLD to . 21 || AGND 
VDD {] 10 20 {] BYP 


19 [] DGND 













13 #14 15 17 





16 





EO ce Oe 2 ae 
Oo 
24-Lead PDIP, SOL | | 28-Lead PLCC 


THERMAL CHARACTERISTICS: © ja 


24-Lead SOL 80°C/W 
28-Lead PLCC 






CAUTION: Use handling procedures necessary 
for a static sensitive component. 








ORDERING INFORMATION 


| PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32P541B Read Data Processor 


24-Lead PDIP SSI 32P541B-P SSI 32P541B-P 
28-Lead PLCC SSI 32P541B-CH SSI 32P541B-CH 
24-Lead SOL SSI 32P541B-CL SSI 32P541B-CL 










No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION FEATURES 





The SSI 32P542 is a bipolar integrated circuit that © Level qualification supports high resolution MFM 
provides all data processing necessary for detection and RLL encoded data retrieval 
and qualification of MFM or RLL encoded read signals. 

* Wide bandwidth AGC input amplifier 
In read mode the SSI 32P542 provides amplification. 
and qualification of head preamplifier outputs. Pulse ° Standard 12V + 10% and 5V + 10% supplies 
qualification is accomplished using level qualification 
of differentiated input zero crossings. An AGC ampli- 
fier is used to compensate for variations in head ° 
preamp output levels, presenting a constant input level 
to the pulse qualification circuitry. The AGC loopcan = *_—s Fast and slow AGC attack regions for fast transient 
be disabled so that a constant gain can be used for recovery | 
embedded servo decoding or other processing needs. 


* Supports embedded servo pattern decoding 


Write to read transient suppression 


* Voltage Fault Protection 
Inwrite mode the circuitry is disabled andthe AGC gain 

stage input impedance is switched to a lower level to 

allow fast setting of the input coupling capacitors during 

a write to read transition. The SSI 32P542 requires 

+5V and +12V power supplies and is available in a 

28—pin PLCC. 





BLOCK DIAGRAM 


OUT+ OUT- — GIN- GIN+ = DIN- DIN+ = CIN- CIN+ DIF- DIF+ vcc VOD 
ite a oO 





1] cout 


FULL WAVE RECTIFIER 


BYP 


AGND {] bout 


| pererence [ 
|] GENERATOR |: VFLT 


DGND AGC LEVEL HYS 
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CIRCUIT OPERATION 


READ MODE 


In the read mode (R/W input high or open) the input 


read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. : 


The amplified head signals are AC coupled to the IN + 


and IN - pins of the AGC amplifier thatis gain controlled 


by full wave rectifying and amplifying the (GIN+ - GIN-) 


voltage level and comparingitto areference level atthe 
AGC pin. A fast attack mode, which supplies a 1.7 mA 
charging current for the capacitor at the BYP pin, is 
entered whenever the instantaneous -viN + level is 
more than 125% of setlevel. Between 100% and 125% 
the slow attack mode is invoked, providing 0.18 mA of 
charging current. The two attack modes allow rapid 
AGC recovery from a write to read transition while re- 
ducing zero crossing distortion once the amplifier is in 
range. 


The level at the AGC pin should be set such that the 
differential voltage level at the GIN+, GIN- pins is 1.00 
Vpp at the OUT+, OUT- pins which allows for up to 6 dB 
loss in any external filter connected between the 
OUT+, OUT- outputs and the GIN+, GIN- inputs. 


Gain of the AGC section is nominally 


Av2 exp -( v2-VI 
Av1 9.8 +Vt 


Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 


Vt = (K x T)/q = 26. mV at room epee 


One filter for all AGC (GIN+, GIN-, input), data (DIN«, 
DIN- input) and clock (CIN+, CIN- input) paths, or a 
separate filter for each path may be used. If separate 
filters are used, care must be exercised to control time 
delays so that each path is timed properly. A multi-pole 
Bessell filter is typically used for its linear phase or 
constant group delay characteristics. | 


The filtered data path signal is fed into a hysteresis 
comparator that is set at a fraction of the input. signal 
level by using an external filter/network between the 
LEVEL and HYS pins. Using this approach allows 


setting the AGC slow attack and decay times slow 
enough to minimize distortion of the clock path signal. 
This “feed-forward” technique, utilizing a fraction of the 
rectified data path input available at the LEVEL pin as 
the hysteresis threshold, is especially usefulinthe slow 
decay mode of the AGC loop. By using a short time 
constant for the. hysteresis level, the qualification 
method can continue as the AGC amplifier gain is 
slowly ramped up. This level will also shorten the write 


to read transient recovery time without affecting data 


timing as the circuit will be properly decoding before the 
AGC gain has settled to its final value. The comparator 
output is the “D” input of a D type flip-flop. The DOUT 
pin provides a buffered test point for monitoring this 
function. 


The filtered clock path signal i is differentiated to trans- 
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 
zero-crossing. The pulses are used to clock the D type 


flip-flop. The COUT pin is a buffered test Point for. 


anor this function. 


The differenti atorfu nctionis set by an external network 
between the DIF+, DIF- pins. The transfer function is: 
LCs +{( R+92) Cs]+1 
Where: C = external capacitor (20 pF to 150 pF) 
L=externalinductor 
R = external resistor 
= j@ = j2nf 
During normal operation the differentiator circuit clocks 


the D flip-flop on every positive and negative peak of 
the signal input to CIN+, CIN-. The D input to the 


_ flip-flop only changes state when the signal applied to 


the DIN+, DIN- inputs exceeds the hysteresis com- 
parator threshold opposite in polarity to the previous 
peak that exceeded the threshold. 


The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed the hysteresis comparator 
threshold. 


"The delays from CIN+, CIN- inputs to the flip-flop clock 


input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 
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WRITE (DISABLED) MODE 


Inthe write or disabled mode (R/W input low) the digital 
Circuitry is disabled and the AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gainis 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low- 
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P542 and read/write 
preamplifier, such as the SSI 32R510. 


Internal SSI 32P542 timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 


LAYOUT CONSIDERATIONS 
The SSI 32P542 is a high gain wide bandwidth device 


that requires care in layout. The designer should keep 


analog signal lines as short as possible and well 


PIN DESCRIPTION — 









AGND, DGND 
R/W 
IN+,IN- 
OUT+, OUT- — 
BYP 
HOLD - 
G 
DIN+, DIN- 
GIN+, GIN- 
HYS 
LEVEL 


© 


Oo 
O 
Cc 
a 
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balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P542 and associated circuitry grounds from 
other circuits on the disk drive PCB. 


LOW VOLTAGE FAULT DETECTION 


|NAME —s|_—s TYPE =| DESCRIPTION 
VCC 5 volt power supply 
VDD 12 volt power supply 
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A low voltage detection circuit monitors both supplies 
and pulls an open collector TTL output low when either 
supply drops below their trip point. 


READ - Read amp on, AGC ac- 
tive, Digital section active 


HOLD - Read amp on, AGC 
gain held constant Digital sec- 


tion active 


WRITE - AGC gain switched to 
maximum, Digital section inac- 
tive, common mode input resis- 
tance reduced 























Analog and Digital ground pins 
TTL compatible read/write control pin 








Analog signal input pins 





AGC Amplifier output pins | 
The AGC timing capacitor is tied between this pin and AGND 


| Buffered test point for monitoring the flip-flop D input 











SSI 32P542 
Read Data Processor 


PIN DESCRIPTION (Continued) 


TcINs. GIN; | 1 | Analoginputtothe iferentitor ——SSSCSC~C*d 
Fpirs,0F- |__| Pinsforextemal iferentiating network 
COUT — ae ae Buffered test point for monitoring the clock input to the flip-flop 

PRO —«|__O | Ticompatblercadouput 
PvetT | 0 | Opencotctor output that goes fow when power supply fauts detected 


ELECTRICAL CHARACTERISTICS - A 
Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13.2V, 25 °C < Tj < 135 °C.. 




















ABSOLUTE MAXIMUM RATINGS | 
Operation above absolute maximum ratings may permanently damage the device. 


UNIT 
|SVSuppy Voltage veo 
| 12V Supply Votage VoD | 


PARAMETER —s_—w™”w | 



















R/W, IN+, IN-, HOLD, VFLT -0.3 to VCC + 0.3 
RD | «| --0.3V to VCC + 0.3V or +12 
All others oe _ -0.3to VDD +0.3 


POWER SUPPLY 


Outputs unlodtled, T)= 135° 
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LOGIC SIGNALS 


| ViL-inputLowVottage | 
Fit nput High Votape | 
Fi mput tow curent | wuzoav | 00 
‘it inputigh Curent | vie2av 
F vot - Output Law votage | oL-40ma 





MIN 


-0. 






MODE CONTROL 










PARAMETER CONDITIONS 


Read to Write Transition Time | 


Write to Read Transition Time AGC settling not included, 
transition to high input 
resistance 


Read to Hold Transition Time Fe eth 


WRITE MODE 






PARAMETER CONDITIONS 


Common Mode Input Impedance | R/W pin = low 
(both sides) 





READ MODE 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded differentially with > 600Q - 
and each side is loaded with < 10 pF to GND, a 2000 pF capacitoris connected between BYP and GND, OUT+ 
is AC coupled to GIN+, OUT- is AC coupled to GIN-, AGC pin voltage is 2.2 VDC. 


AGC AMPLIFIER 
PARAMETER CONDITIONS 


Differential Input Resistance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz 

Differential Input Capacitance V(IN+ — IN-) = 100 mVpp 10° 
@ 2.5 MHz 

Common Mode Input Impedance | R/W pin high P18 {| Ka | 

(both sides) R/W pin low 025 | | Ka | 

Minimum Gain Range | 1.0 Vpp < V(OUT+ — OUT-) 


< 2.5 Vpp 
Gain set to maximum 

































: Input Noise Voltage 
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-| Gain Decay Time (Td) 


Read Data Processor 


AGC AMPLIFIER (Continued) 
_PARAMETER | CONDITIONS _ | MIN 


: -3 dB point 
| Maximum Output Voltage Swing | Setby AGC pin voltage | 3.0 
#3, 
|OutputResistance | 8 
| OutputCapacitance || 


(GIN+ — GIN-) Input Voltage 30 mVpp V(IN+ — IN-) 
Swing VS AGC Input Level < 550 mVpp 0.5 Vpp 

. < V(GIN+ — GIN-) < 1.5 Vpp’ 
30 mVpp V(IN+ — IN-) | 
< 550 mVpp AGC Fixed, 
over supply & temperature _ 
Vin = 300 mVpp—> 150 mVpp 
at 2.5 MHz, Vout to 90% of - 
final value Figure 1a 




















N 














(GIN+ — GIN-) Input Voltage 
Swing Variation 
















_ From Write to Read transition 
to Vout at 110% of final value 
Vin = 400 mVpp @ 2.5 MHz. 

Figure 1b ! ee 


V(GIN+ - GIN-) = 1.6V 


| Gain Attack time (Ta) 
















Fast AGC Capacitor Charge 
Current . 


Slow AGC Capacitor Charge 
Current | 










V(AGC) = 2.2V_ 





V(GIN+ — GIN-) = 1.6V Vary 
V(AGC) until slow discharge 
Fast to Slow Attack Switchover | V(GIN+—GIN- ) 

Point | V(GINt—GIN-) Final 


V(GIN+ — GIN-) = 0.0V 
Read Mode | | 







AGC Capacitor Discharge Current 






"3 | | Hold Mode | | 

CMRR (Input Referred) V(IN+) = V(IN-) = 100 mVpp 40 
| @ 5 MHz,gain at max. : 
PSRR (Input Referred) AVCC or AVDD = 100 mVpp | 30 
oe @ 5 MHz, gain at max. 

Maximum AGC Amplifier 
Output Offset 
GIN+, GIN- | | 
Differential Input Resistance 





V(GIN+ - GIN-) = 100 mVpp — 
@2.5 MHz 
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DOUT Pin Output High Voltage 0.0<IOH<0.5mA 


SSI 32P542 
Read Data Processor 





AGC AMPLIFIER (Continued) 


PARAMETER CONDITIONS 


GIN+, GIN- V(GIN+ - GIN-) = 100 mvep 
Differential Input Capacitance ae 5 MHz 

GIN+, GIN- (Both sides) 

Common Mode Input Impedance 

GIN+, GIN- 

Input Signal Range 













HYSTERESIS COMPARATOR 


PARAMETER : CONDITIONS 
Input Signal Range ess 


Differential Input Resistance V(DIN+ — DIN-) = 100 mVpp 
; 2.5 MHz 

Differential Input Capacitance V(DIN+ — DIN-) = 100 mVpp 
a 2.5 MHz 


Common Mode Input Impedance } (both sides) 


Comparator Offset Voltage HYS pin at GND, < 1.5 KQ 
across DIN+, DIN- 

Peak Hysteresis Voltage vs HYS | At GIN+, GIN- pins 

pin voltage (input referred) 1” <V (HYS) <3V 

HYS Pin Input Current 1V < V (HYS) < 3V 


Level Pin Output 0.6 < | V (GIN+ — GIN-) | 
Voltage vs V(GIN+ — GIN-) <1.3 Vpp, 10 KQ from LEVEL 
| pin to GND 


LEVEL Pin Max Output Current dics cts. ecseuauih on al 
LEVEL Pin Output Resistance (LEVEL) = 0.5 mA 
DOUT Pin Output Low Voltage 0.0<IOL<0.5mA 





ois 
010 Go 
nm |e oO 
wl1o 


ACTIVE DIFFERENTIATOR 


PARAMETER CONDITIONS 
Input Signal Range 


Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp- 
@ 2.5 MHz 


Differential Input Capacitance V(CIN+ — CIN-) = 100 mVpp 
| @ 2.5 MHz 


Common mode Input Impedance | (both sides) 
Voltage Gain From CIN+ to DIFt | R(DIF+ to DIF-) = 2 KQ 
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PARAMETER _ | CONDITIONS | 


_| PARAMETER CONDITIONS 


SSI 32P542 


Read Data Processor 


ACTIVE DIFFERENTIATOR (Continued) 


DIF+ to DIF- Pin Current Differentiator Impedance 
| | must be set so as not to clip 
signal at this current level 


Comparator Offset Voltage DIF+, DIF- are AC Coupled 
COUT Pin Output Low Voltage 0.0<IOH<0.5 mA 


COUT Pin Output Pulse voltage | 0.0<IOH<0.5mA 
V(high) - V(low) | 
COUT Pin Output Pulse Width 0.0<IOH<0.5mA 


OUTPUT DATA CHARACTERISTICS (See Figure 2) 

Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ — DIN-) = 1.0 Vpp AC coupled sine wave at 2.5 MHz 
differentiating network between DIF+ and DIF- is 100Q in series with 65 pF, V (Hys) = 1.8 DC, a60 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 KQ resistor to VCC and a 10 pF capacitor to GND. 












D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) 


exceeding threshold to 
V(DIF+ — DIF-) reaching 
a peak | | 


Propagation Delay (Td3) eed 


Output Data Pulse Width _| Td5 = 670 Cos, 

Variation | 50 pF < Cos < 200 pF 

Logic Skew | Td3 - Td4 

Output Rise Time VOH = 2.4V 
















Output Fall Time | VOL =0.4V 


SUPPLY VOLTAGE FAULT DETECTION 









VDD Fault Threshold en ke 
VDD Fault Threshold 


VOL Output Low Voltage © 45<VCC<5.5V . 
| lIOL = 1.6 mA 


1.0<VCC <4.5V 4 V 
| 1lOL=5mA | - 
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oe. 





FIGURE 1(a), (b): AGC Timing Diagrams 


+HYSTERESIS LEVEL 


V (CIN+ = CIN-) 
V (DIN+ — DIN-) 


-HYSTERESIS LEVEL 


V (DIN+ — DIN-) 


V (COUT) 
FLIP-FLOP CLOCK 


V (DOUT) 
FLIP-FLOP D INPUT 


Td3 


RD OUTPUT 
READ DATA 





FIGURE 2: Timing Diagram 
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EXTERNAL 
FILTER a 


8 + 
. O1pF 
OUT+ out-] Gin. GINs er CIN- CINs DIF- DIF+ vec ao voo 
[}—L] C U] [} U] a C} a CJ CJ 


ool bere form Le _| ae 
tt va 












IN- 
J 
KEEP 
LEADS 
SHORT BYP 
[J - 


| |t ONE SHOT [} RO- 
opr 
a i 


KEEP LEADS 





002 pF SHORT 
a ANALOG C} DouT 
READMWAITE GND : 
AMPLIFIER 
C 
Ce 
2 
AW 
a C] C a 
= AGC LEVEL HYS 
DIGITAL 
GROUND 
1.54K 
150 pF 


2.2 VDC | 6.49K 


READWRITE 
SERVO HOLD 


READ/WRITE 
CONTROL & WRITE 
DATA 


FIGURE 3: Typical Read/Write Electronics Set Up 
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PACKAGE PIN DESIGNATIONS 
for a static sensitive component. 


(TOP VIEW) 





o ¢ uu Zt £ 2 E 
a of fan) a oO [ma oO »— 
4 3 2 1 
LEVEL U 5 DIN- 


AGC [| 6 OUT- 
IN+ [] 7 OUT+ 
IN- 1] 8 GIN+ 


GIN- 


VDD (J 10 AGND 











COUT {] 11 BYP 
13 14 15 16 
i¢2) oO . ke Q 
e¢ 288 3 5 
28-Lead PLCC 


THERMAL CHARACTERISTICS: © ja 


28-Lead PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32P542 Read Data Processor 
28-Lead PLCC SSI 32P542-CH SSI 32P542-CH 










No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 


in specifications at any time without notice. 
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DESCRIPTION FEATURES 





The SSI 32P544 Read Data Processor and Servo * Wide bandwidth AGC input amplifier 
Demodulator has a fully integrated bipolar circuit that ! tad ctl 
detects and validates amplitude peaks in the output ° Level qualification supports MFM and RLL 


from a disk drive read amplifier, as well as detecting encoded data retrieval 
embedded servo information to provide position error © Fast and slow AGC attack and decay regions 
signals used for read head positioning. for fast transient recovery 


Time and amplitude qualification are used to provide a * Embedded servo channel provides servo burst 


TTL compatible output that accurately duplicates the capture and difference circuits 
time position of input signal peaks. An AGC control °* Local servo AGC provided based on servo 
loop, using a dual rate charge pump, provides a con- burst output amplitude sum 


Stant imput amplitude for the level qualifier. Level . gtandard +10%. 12V and 5V supplies 
qualification can be implemented as a fixed threshold 


or a constant percentage that tracks signal amplitude  ° Write to Read transient suppression 
that enhances qualification during AGC loop tran- 





sients. 
(Continued) 
BLOCK DIAGRAM 
ao 
REX LEX 
+45V 4+12V 
OUT+ OUT DIN- ae Saas CIN+ DIF- DIF+ vcc VDD 
L] LJ C L_} 











ae 


me Lh el said of : 





REFERENCE |) {| VECT 
GENERATOR ES 

{ ] 

aa a 

a 

CK 

ies 

Paes 4 

DB DB +5 


TTL BUFFER 
os oh 
C1 


cos 
KEEP LEADS 
SHORT 





i 


KEEP GAIN 


LEADS OC 
SHORT BYP1 Ee 
8 





KEEP LEADS 
SHORT 


RCS CHLD CHLD 
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DESCRIPTION (Continued) 


The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. 
Buffered individual channel outputs are provided along 
with a difference output. Servo channel gain can be 
controlled by an AGC signal based on maintaining the 
amplitude of the sum of both channels. 


The circuit also provides a voltage fault flag that indi- 
cates a low voltage condition on either supply. 


The SSI 32P544 requires standard +10% tolerance 
+5V and +12V supplies and is available in a 44-pin 
PLCC package. 


CIRCUIT OPERATION 


READ MODE 


In Read Mode the SSI 32P544 is used to process either 
data or servo signals. Inthe Data Read Mode the input 
signal is amplified and qualified using an AGC amplifier 
and pulse level qualification of the detected signal 
peaks. In the Servo Read Mode the input signal is 
amplified and an error signal based on amplitude 
comparison is made available. 


DATA READ MODE 


An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+) - (DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC1 pin. 


Two attack modes are entered depending on the 


— instantaneous level at DIN+/-. For DIN+/- levels above 


125% of desired level afast attack mode is invoked that 
supplies 1.7 mA charging current to the network onthe 
BYP1 pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charging current. This allows the AGC to 
rapidly recover during a write to read transition but 
reduces distortion once the AGC amplifier is in range. 


Two decay modes are available that apply a discharge 
current to the BYP1 pin network when DIN+/- falls 


below the desired level. An internal decay current sink 


will supply 4.5 uA of discharge current. Also, if 
\(DIN+)-(DIN-) |is above 200 mVo-p a decay current, 


controlled by a resistor from BYP1 to DECAY, is 
switched in to decrease decay time. The amount of 
charge pulled from the AGC timing capacitor on each 
data pulse is: 


Qpecay = Ki(Ton + Ts)/RDECAY 
Where: 


|. Kis Constant defined in spec (4.0V, typ) 


Ton = Time in seconds that the data: pulse at 
DIN+/- is greater than 200 mVo-p 


Ts = Switching time in seconds (4 ns, typ) 


The AGC1 pin is internally biased so that the target 
differential voltage input at DIN+/- is 1.0 Vp-p at nomi- 
nal conditions. The AGC1 voltage can be modified by 
tying a resistor between AGC1 and groundor VCC. A 
resistor to ground decreases the voltage level while a 
resistor to VCC increases it. The resultant AGC1 
voltage level is: 


Where: 





_ (5-V) Rint 


VAGCi = 








Rint + Rx 


V = Voltage at AGC1 with pin open (2.2V, nom.) 
Rint = AGC1 pin input impedance (6.7 KQ, typ.) 
Rx = External resistor. 


The new DIN+/- input target level is nominally 0.48 
Vp—p/Vacc 


The AGC amplifier can swing 3.0 Vp-p at OUT+/- which - 


allows for up to 6 dB loss in any external filter between 
OUT+/- and DIN+/-. ye 
Gain of the AGC amplifier is nominally: 
Avi/Av2 = ef6-%v2- V1) 
Where: 
Av1, Av2 are initial and final amplifier gains. 
V1, V2 are initial and final voltages on the BYP1 pin. 
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The minimum output current from the AGC amplifier is 
+3.2 mA. In cases where more current is required to 
drive a low impedance load the current can be in- 
creased by connecting load resistors Ri from OUT+/- to 
GND, as shown below. 





lout min = +3.2 mA + (6.5/Ri) 
Where: Ri >2KQ 


One filter for both amplitude (DIN+/- input) and time 
(CIN+/- input) channels, or a separate filter for each 
may be used. If two filters are used, attention must be 
paid to time delays so that each channel is timed 
properly. A multi-pole Bessel filter is typically used for 
its linear phase or constant group delay characteris- 
tics. 


Inthe amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. Itcan be fixed level ora fraction 
of the DIN+/- voltage level. 


The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin outputis a rectified and amplified 
version of DIN+/-, 1.0 Vp-p at DIN+/- results in 2.0 Vo—p 
nominally, at the LEVEL pin. A voltage divider is used 
from LEVEL to ground to set the Hysteresis threshold 
at a percentage of the peak DIN+/- voltage. For 
example, if DIN+/- is 1.0 Vp-p, then using an equal 
valued resistor divider will result in 1.0 Vo-p atthe HYS 
pin. This will result in a nominal +0.210V threshold or 
a 42% threshold of a +0.500V DIN+/- input. The 
Capacitor is chosen to set an appropriate time constant. 
This “feed forward” technique speeds up transient 
recovery by allowing qualification of the input pulses 
while the AGC is still settling. This helps in the two 
critical areas of write to read and head change recov- 
ery. Some care in the selection of the hysteresis level 
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time constant must be exercised so as to not miss 
pattern (resolution) induced lower amplitude signals. 
The output of the hysteresis comparator is the “D” input 
of aD type flip-flop. The DOUT pin provides a buffered 
TTL compatible comparator output signal for testing 
purposes or for use in the servo circuit if required. 


In the time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 


The differentiator function is accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN+/- to the comparator input 
(not DIF+/-) is: : 
Wve -1000(Abuf)(Cs) 
2LCs*+ C(R+92)s +1 


C,L, R are external passive components 
20 pF <C < 150 pF 

Abuf = Gain From CIN+/- to DIF+/- 

S = jo = jenf 


Where: 


During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN+/- input. The D input to the flip-flop only changes 
state when the DIN+/- input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 


The time channel, then, determines signal peak timing 
andthe amplitude channel determines validity by block- 
ing signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in each of these 
channels to the D flip-flop inputs are well matched. 


The D flip-flop output triggers a one-shot that sets the 
RD output pulse width. Width is controlled by an 
external capacitor from the OS pin to VCC. 


SERVO READ MODE 


A position error signal (PES) is generated based onthe 
relative amplitude of two servo signals, A and B. 
Several methods are made available for maintaining 
channel gain during servo signal processing. 
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SERVO READ MODE (Continued) 


Rectified servo signal peaks are captured on hold 
capacitors atthe HOLDA/B pins. Thisis accomplished 
by pulling LATCHA or LATCHB low for a sample 
period. Additionally, ahold capacitor discharge current 
of up to 3.5 mA can be turned on by pulling RSTA or 
RSTB low. The discharge current is determined by a 
resistor tied between CS and ground. Its magnitude is: 


tes = 2.6/(Res + 750) A, typ. 
Where: Recs = resistor from CS to ground 





Outputs BURSTA/B & PES are referenced to an exter- 
nal reference applied to the VREF pin. 


As noted, several methods are used to determine 


channel gain in Servo Read Mode. These methods 
make use of the data read mode AGC loop, the servo 
AGC loop and external or fixed AGC loop gain. Two 
methods are used that control the channel gain based 
on maintaining the sum of A & B channel amplitudes. 


In one case (see Figure 1) the BYP2 pin is connected 
to the GAIN pin and the servo channel gain is deter- 
mined by the read channel gain as controlled by the 
sum of the A and B amplitudes. In this case a current 
is sourced/sinked to/from the capacitor on the GAIN/ 
BYP2 pin whenever the HOLD2 pin is pulled high. The 
current magnitude and direction is determined by: 

Ic = Ka[(Ks5 * Vaac2) - Va(DIN)p-p - Vb(DIN)p-p] 
Where: 7 | 

VaGcc2 = AGC2 pin voltage 


K4 = 270 LA/Vp-p 
Ks = 0.41 V/V 


-Va/b(DIN)p-p = peak to peak A or . servo pattern 
Signal voltages at DIN+/- 





The other case (see Figure 2) controls the channel by 
fixing the Read Data channel gain by taking HOLD1 
low andclosing the loop about the Servo Channel AGC 
(LOCOFF is held low for this mode). 





HOLD2 is used to update the control voltage on the 
AGC capacitor at the BYP2 pin. This loop has a time 
constant defined by: 


Time Constant = K6 * Cayp2. 
Where: Ke = 1.8 to 7.5 KO 
Csyp2 = BYP2 pin capacitor value in farads 


Another method (see Figure 5) uses either a fixed volt- 
age at the GAIN pinto determine channel gain ora gain 
based on preamble data amplitude. In this case no 
AGC methods are used that are based on servo signal 
amplitudes. Gain, as determined by an external volt- 
age has been covered above. Inthe preamble method 
HOLD 1 is taken low during a preamble and the channel 
gain, determined by that necessary to maintain DIN+/ 
- aS programmed by the AGC1 voltage, is held during 
servo data processing. _ 


WRITE MODE | 


In Write Mode the SSI 32P544 is disabled and preset 
for the following Read Mode. The digital circuitry is 
disabled, the input AGC amplifier gain is set to maxi- 
mum and the AGC amplifier input impedance is re- 


duced. 


Resetting the AGC amplifier gain and input impedance 
shortens system Write to Read recovery times. With 
the AGC gain at maximum when returning to Read 
mode the AGC loop is in fast attack mode. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P544 and a read preamplifier such as the 
SSI 32R510A. Write to read timing is controlled to 
maintain the reduced impedance for 1.2 to 3.0 us 
before the AGC circuitry is activated. Coupling capaci- 
tors should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow more 
rapid Settling. 


POWER DOWN MODE 


A power down mode is provided to reduce power 
usage during the idle periods. Taking ENABLE pin low 
selects this mode. Recovery from this state can be 
slow due to the neceestly of charging external capaci- 
tors. 


LOW VOLTAGE FAULT DETECTION 


A low voltage detection circuit monitors both supplies 
and pulls an open collector TTL output low whenever 
either supply drops below their trip point. | 
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MODE CONTROL 


The SSI 32P544 circuit mode is controlled by the 
ENABLE, R/W, AGCMODE, HOLD1, HOLD2, and 
LOCOFF pins as shown in Table 1. 








Data Read Mode 


AGC active and controlled by data, Digital section 
active 


Data Read Mode, Hold 


AGC gain held constant, Digital section active. Gain 
will drift higher at rate determined by Cayr1 and Hold 
mode discharge current. 


Servo Read Mode | (See Figures 1 & 3) 


The BYP2 and GAIN pins are tied together. Read 
amplifier AGC control voltage developed from sum of 
Servo signal levels. HOLD2 is toggled to update the 
control voltage after each Servo frame. 


TABLE 1: SSI 32P544 Circuit Mode Control 
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Servo Read Mode II (See Figures 2 & 4) 


Read amplifier AGC gain held fixed (HOLD1 low). 
Servo AGC loop activated with HOLD2 toggled to 
update or hold gain based on a constant servo signal 
sum. 





Servo Mode Ill (See Figure 5) 
Read channel gain determined by voltage on GAIN pin. 


Write 


Read amplifier input impedance reduced. BYP1 pin 
voltage pulled low to select maximum amplifier gain. 
Digital section deactivated. 


Power Down 

Circuit switched to a low current disabled mode. 
Note: When AGCMODE is switched to a low state the 
voltage at the BYP1 pin will be held subject to Hold 
mode discharge current induced drift. So, when return- 
ing to Data Read Mode, the channel gain will be the 


same as it was prior to AGCMODE switching or slightly 
higher. 


LOCOFF | READ PATH MODES 


Data Read Mode 
Data Read Mode Hold 


Servo Read Mode | 


Servo Mode Ill 
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READ PULSE 


FILTER feeige toy QUALIFICATION 
J [nee IAL CATO 


_ SAMPLE 
AND HOLD | 


+ 
SUMMING 
CIRCIUTRY 


AGCMODE 


READ PULSE 
CIRCUITRY 


SAMPLE 
AND HOLD 


+ 
SUMMING 
CIRCIUTRY 


_ FIGURE 2: Servo Read Mode II 
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FIGURE 3: Servo Read Mode | Timing Diagram 
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FIGURE 4: Servo Read Mode II Timing Diagram 
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FIGURE 5: Servo Read Mode Ill 
PIN DESCRIPTIONS 


POWER SUPPLY AND CONTROL 


[NAME __| DESCRIPTION 

5 volt power supply. 

12 volt power supply. 
VFLT 
















AGND, DGND Analog and digital ground pins. 

TTL compatible read/write control pin | 
ENABLE* TTL compatible power up control pin. A low input selects a low power state. 

)VFLT Open collector output that goes low when a low power supply fault is detected. 
AGC GAIN STAGE 


IN+, IN- Analog signal input pins. | . | 
OUT+, OUT-. Read path AGC amplifier output pins. 






















AGC1 Reference input voltage level for the read path AGC loop. - 

AGCMODE* | TTL compatible pin that selects the AGC loop control input. A high selects BYP1, a low 
GAIN. 

BYP1 An AGC timing capacitor or network is tied between this pin and AGND. 

GAIN 


DECAY 


HOLD 1* 







A voltage at this pin may be used to control AGC gain. 


A resistor to control the AGC loop decay time constant may be tied between this pin and | 
BYP1. 


TTL compatible control pin that holds the read path AGC loop gain constant when low. 
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PIN DESCRIPTIONS (Continued) © 


DIGITAL PROCESSING STAGE 


DIN+, DIN- | Analog input to the hysteresis comparator. | | 


HYS Threshold setting input to the hysteresis-comparator. 









: DOUT Buffered TTL output for monitoring the flip-flop D input. Provided for testing or servo use. 


| COUT Test point for monitoring the flip-flop clock input. 
OS 











Connection for output pulse width setting capacitor. 


TTL compatible read output. | 


SERVO BURST CAPTURE STAGE 






_ TTL compatible inputs that switch channels A or B into peak acquisition mode when | 
low. | : 






Peak holding capacitors are tied from each of these pins to AGND. 


TTL compatible inputs that enable discharge of Channel A or B hold capacitors when 
low. | 


Hold capacitor discharge current magnitude is controlled by a resistor from this pin to 
ground. ) sees * - 










| VREF Reference voltage input for servo outputs. 
Reference input voltage level for the servo AGC loop. 
An AGC timing capacitor or network is tied between this pin and AGND. 


TTL compatible control pin that holds the servo AGC loop gain constant when low. 


Buffered hold capacitor voltage outputs. 





BURSTA, 
BURSTB 


PES | _ Position error signal A minus B output. _ | 


LOCOFF* _ TTL compatible input to select path for PES signal. 





mo 
O 
i 
O 
Dw) 






* These inputs have internal pull-ups, so an open connection is the same asa high input. 
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ELECTRICAL SPECIFICATION 


ABSOLUTE MAXIMUM RATINGS 
_ Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER RATING UNIT 


Pin Voltage -0.3 to VDD + 0.3 
GAIN, BYP1/2, AGC1/2 LEVEL, HYS, HOLDA/B, VREF 

Pin Voltage = _ _ -0.3 to VCC + 0.3 
IN +/-, AGCMODE, HOLD1/2, ENABLE, R/W, LATCHA/B, 

RSTA/B, CS, LOCOFF, OS, CIN+/-, DIN+/- 

















BURSTA/B, PES, COUT, DIF+/-, OUT+/- 

Pin Voltage — | -0.3 to VCC + 0.3 
RD, DOUT, DECAY, VFLTB or+12 mA 
Storage Temperature | 65 to 150 

Lead Temperature (Soldering 10 sec.) 


RECOMMENDED OPERATING CONDITIONS 


V 

V 

V 

V 

V , 
°C 





Currents flowing into the chip are positive. 


PARAMETER CONDITIONS | MIN. | NOM | 
1 


5 
VDD Supply Voltage 12.0 13.2 
25 


ELECTRICAL CHARACTERISTICS 














Tj Junction Temperature 





POWER SUPPLY 


Recommended conditions apply unless otherwise specified. 


PARAMETER CONDITIONS Tw wom | MAX 
ICC VCC Supply Current Outputs unloaded, 16 mA 
ENABLE = high or open 
IDD VDD Supply Current Outputs unloaded, 
ENABLE = high or open 
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POWER SUPPLY (Continued) 


PARAMETER CONDITIONS 









ENABLE = low, | 
Outputs unloaded 






anol 
Pd Power description Tj = 145°C, ENABLE = high, 
Oo Outputs unloaded 
LOGIC SIGNALS a 
VIL Input Low Voltage PF 0.8 | 
VIH Input High Voltage Loe 


-VOH Output High Voltage IOH = 400 pA 


Output rise time VOH = 2.4V* 


Output full time — | VOL =0.4V* 


*Output load is a 4K resistor to 5V and a 10 pF capacitor to DGND " 


~ MODE CONTROL 





Setting time of external 
capacitors not included 
a ENABLE pin high to/from low 


Read to Write Transition Time R/W pin high to low a 
Write to Read R/W pin low to high 1.2 
Transition Time AGC setting not included | 


Enable to/from Disable 
Transition Time 














-HOLD1 On to/from HOLD? pin high to/from 
HOLD2 Off Transition Time low | 
HOLD2 pin high to/from 
low a 
= 2-72 











AGC On to/from AGC Off ~ | AGCMODE pin high 
Transition Time to/from low i 
HOLD2 On to HOLD2 Off 
Transition Time 
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WRITE MODE 


PARAMETER 


Common Mode Input R/W pin = low 
Impedance 





READ MODE 


READ PATH AGC AMPLIFIER 


Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to 
IN+/-. OUT+/- are loaded differentially with >600Q, and each side is loaded with < 10 pF to AGND, and AC 
coupled to DIN+/-. A 2000 pF capacitor is connected between BYP1 and AGND. AGC1 pinis open. R/W 
is high. 






PARAMETER CONDITION 


Gain Range 1.0 Vp-p < (OUT+) - (OUT-) 
< 3.0 Vp-p 


Output Offset Voltage Over entire gain range | -4oo | | +400 | mvV 
Maximum Output Set by BYP1 pin 3.0 
Voltage Swing 
Differential Inbut Resistance (IN+) - (IN-) = 100 mVp-p 5.0 
@ 2.5 MHz 


Differential Input Capacitance (IN+) - (IN-) = 100 mVp-p 
@ 2.5 MHz 














Common Mode Input 






Impedance _ 






OUT+ to OUT- Pin Current | No DC path to AGND ; ST ma 





Bandwidth -3 dB bandwidth at 
maximum gain 





2 
CMRR (Input Referred) (IN+) = (IN-)= 100 mVp-p 40 
| @ 5MHz, gain set to max 
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READ PATH AGC AMPLIFIER (Continued) 
| - | PARAMETER 2 | CONDITION | | MIN NOM UNIT 


i ig PSRR (Input Referred) VDD or VCC = 100 mVp-p © 30 
| } @ 5 MHz, gain set to max 


Externally controlled K2, AGCMODE = Low 
Gain Constants 
AV = K2 « elK3° VGAIN) V/V K3, AGCMODE = Low 


Gain pin parasitic AGCMODE & HOLD1 = low 
Input current _ . a oe 


(DIN+) - (DIN-) Input 30 mVp-p < (IN+) - (IN-) 

Swing vs. AGC1 Input < 550mVp-p | 
7 0.5 Vp-p < (DIN+)-(DIN-) | , 

~<1.5 Vp-p, AGCMODE & © 
HOLD1 = high 


(DIN+) - (DIN-) Input Voltage 30 mVp-p < (IN+) - (IN-) 
Swing Variation | <550mVp-p 
)=0V 

















> 


c 2. 















Nh 
I) 


AGC1 Voltage | AGC1 open 
| AGC1 Pin Input Impedance i 5.0: «. 


Fast Decay Threshold AGCMODE = high 
(DIN+) - (DIN-) | 

| Slow AGC Capacitor Discharge (DIN+) - (DIN 

| Current | | 
AGC Capacitor Leakage AGCMODE = high, 
Current | HOLD1 = low 


Slow AGC Capacitor Charge (DIN+) - (DIN-) = 0.8 VDC, 
Current vary AGC1 until slow charge 
begins 


Fast AGC Capacitor Charge (DIN+) - (DIN-)=0.8VDC, | -1.3 
Current | | Vaaci = 3.0V . 
Fast to Slow Attack [(DIN+)-(DIN-)] - 
Switchover Point [(DIN+)-(DIN-) ]FINAL 


Gain Decay Time (Td (IN+) - (IN-) = 300 mVp-p to 

| (See Figure 6a) 150mVp-p @ 2.5 MHz 
DECAY pin open, 

(OUT+) - (OUT-) to 90% final 


4.5 


I+ 
© 
DS) 


Zl py 
O1 

























value. 
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READ PATH AGC AMPLIFIER (Continued) 


PARAMETER 


Gain Attack Time (Ta) | R/W = low to high 


(See Figure 6b) (IN+) - (IN-) = 400 mVp-p 
@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 





HYSTERESIS COMPARATOR 


Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 1.8 VDC is applied to the HYS pin. ENABLE and R/W pins are high. 


(DIN+) - (DIN-) = 100 mVp-p 
@ 2.5MHz 


(DIN+) - (DIN-) = 100 mVp-p 
@ 2.5MHz 


Common Mode Input 
Impedance (Both Sides) 


Level Pin Output Voltage 0.6 Vp-p < (DIN+) - (DIN-) 
vs. (DIN+) - (DIN-) < 1.5 Vp-p, 10K between 
LEVEL and AGND 


Hysteresis threshold margin as V(HYS) = some % of 

a % of V(DIN+ — DIN-) peak ee or V(LEVEL) 
1V < V(HYS) <3V 
*see figures 8 & 9 


HYS Pin Current 1V<HYS <3V 


Comparator Offset Voltage HYS pin at AGND 
| . : < 1.5 KO across DIN +4/- 





* In an open loop configuration where reference is V (AGC) tolerance can be slightly higher. 
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ACTIVE DIFFERENTIATOR | : | 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC- 
coupled, 1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 


PARAMETER CONDITIONS 


Differential Input Resistance (CIN+) - (CIN-) = 100 mVp-p 10 
@ 2.5 MHz 
| Differential Input Capacitance (CIN-+) - (CIN-) = 100 mVp-p 
| @ 2.5 MHz 
, poof 













! Common Mode Input Impedance |. Both sides : 


(DIF+ to DIF-) = 2KQ 
Differentiator impedance +1.3 
must be set so as to not clip 

the signal for this current 

level 


DIF+, DIF- are AC-coupled 


| Voltage Gain From 
CIN+/- to DIF +/- 





DIF+ to DIF- Pin Current 











Comparator Offset Voltage 


COUT Pin Output Low Voltage 







0<IOL<0.5mA 
| COUT pin Output Pulse 


0<lIOL<0.5 mA 
) Voltage, VHIGH - VLow 


COUT pin Output Pulse Width 0<IOH<0.5mA | 





V(IN+) — (IN-) | 


pop 4 


ViIN+) ~ (IN-) 


V(OUT+) ~ (OUT-) VAY 90% | 
: V(OUT+) — (OUT-) 
oo ; (a) 


Figure 6: AGC Timing Diagram 
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OUTPUT DATA CHARACTERISITICS (See Figure 7) 


Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - 
(DIN-) are in-place as a coupled, 1.0Vp-p, 2.5MHz sine wave. 100Q in series with 65 pF are tied from DIF+ 
to DIF-. 1.8V is applied to the HYS pin. A 60 pF capacitor is tied between OS and VCC. RD is loaded with 
a 4 KQ resistor to VCC and a 10 pF capacitor to DGND. ENABLE and R/W pins are high. 


PARAMETER CONDITIONS 


D Flip-Flop Set Up Minimum allowable time 

Time delay from (DIN+) - (DIN-) 
exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 


Propagation Delay 





Output Pulse Width Td5 = 900(Cos) @ Vrb = 1.4V 
Variation 50 pF < Cos < 200 pF 


[Td3-Td4| Logic Skew 


+HYSTERESIS LEVEL 
V(CIN+) — (CIN-) 
and OV 
V(DIN+) - (DIN-) 


—HYSTERESIS LEVEL 


VpDOUT 


Td1 e— 


V (DIN+ — DIN-) 
DIFFERENTIATOR 
COMPARATOR OUTPUT 
VCOUT 

Td3 i i Td4 


RD OUTPUT — a ie 
—> \e-1a5 





Figure 7: Read Mode Digital Section Timing Diagram 
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. ys | 2 $ omy a me My : 7 : 7 
V(DIN+—DIN-) _ PEAK | V (internal) = 


V(HYS) = K% of V(LEVEL) 


To AGC 
Charge Pump 


| For V(HYS) = 
+15% (max) K% of V(LEVEL) 


.. Typically ~ 60% 
Typical ~ 60% 


—15% (min) 


Hysteresis Threshold as a 
% of V(DIN+ — DIN-) Peak 


Frequency 


FIGURE 9: Percentage Threshold vs. Frequency 
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SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 


_ PARAMETER CONDITIONS 


AGC2 Pin Voltage AGC2 Pin Open 


UNIT 





ar ) 
NI h 
Oo 
w 
re) 


Bcc 


BURSTA/B pin Output LATCHA/B = Low 
Voltage vs (DIN+) - (DIN-) 


V/Vp-p 
V/BURSTAB - VREF 
(DIN+) - (DIN-) 


BURSTA/B Output LATCHA/B = Low, 
Offset Voltage (DIN+) = (DIN-), 
Veurst - VREF RCS = 38.3 KO 


_ BURSTA - BURSTB Output LATCHASB = low 
Offset Match (DIN+) = (DIN-) 
Maximum PES Pin Output Controlled by AGC2 

Voltage 


PES Pin Output Offset Voltage Vpes - VREF, (DIN+) = (DIN-) 
LATCHASB = aa 


Output Resistance, BURSTA/B & 
PES pins 
Hold A/B Charge Current LATCHA/B = low 


HOLDA/B Discharge RSTA/B = low, 
Current Tolerance ICS = 2.6V/(RSC + 750Q) 


RSTAB = = high, -0.5 
LATCHA/B = high 
Load Resistance Resistors to VREF 10.0 
BURSTA/B, PES pins 
Load Capacitance 
BURSTA/B, PES pins 
LATCHAB pin set up time (Tds1 in Figures 3 & 4) 
LATCHA‘SB pin Hold Time (Tds2 in Figures 3 & 4) 


Channel A/B Discharge -(Tds3 in Figures 3 & 4) 
Current Turn On time 
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SERVO SECTION (Continued) . 


PARAMETER : CONDITIONS 


_ Channel A/B discharge (Tds4 in Figures 3 & 4) 
Current Turn Off time 


BYP2 Pin Parasitic Input Current | HOLD2 = Low 


Ke loop parameter Loop Time Constant = 
| | Kee CBYP2 
LOCOFF = Low 
(Local AGC Mode) 


BYP2 Pin Charge/Discharge 

Current 

Ic = Ka[(Ks * Vacca) — 
VA(DIN)p-p - VB(DIN)p-p] 


*PES Pin Output Voltage LOCOFF=Low 
1.38 1.45 Vp-p/V 


4.94 Vp-p 


vs. VA(DIN)p-p - VB(DIN)p-p LOCOFF=High 
VPES p-p vs. VAGc2 | VPES p-p/VaGc2 


VPES p-p/VaGc2 
AGC2=Open 


A ~ 

uo > 

=e a a 

Oo] O 

cs i, 

O O 

fg ng 

x |x 

© (© 

= y = 
ph o> ro) 
rom) ne %e) | 


BURSTA/B Pin Output vs. Vaac2 | (VA + VB - 2VREF)/VaGc2 


VA + VB - 2VREF, 
AGC2=Open 





~*Av = (VPES - VREF)/(Va(oIN)p-p - Va(0IN)p-p) 


SUPPLY VOLTAGE FAULT DETECTION 


PARAMETER 


VCC Fault Threshold 
VOL Output Low 
Voltage 


1.0 < VCC <4.5, 
IOL=0.5 mA 


IOH Output High Current 
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44-pin PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDERNO. | ~PKGMARK 
SSI 32P544 - 44-pin PLCC SS! 32P544-CH 32P544-CH 











No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION FEATURES 





The SSI 32P546 is a bipolar integrated circuit that * Level qualification supports high resolution MFM 
provides all data processing necessary for detection and RLL encoded data retrieval 
and qualification of MFM or RLL encoded read signals. 

s 9 °* Wide bandwidth AGC input amplifier 


In read mode the SSI 32P546 provides amplification , 
and qualification of head preamplifier outputs. Pulse 
qualification is accomplished using level qualification * Standard 12V +10% and 5V +10% supplies 

of differentiated input zero crossings. An AGC ampli- 

fier is used to compensate for variations in head * Write to read transient suppression 

preamp output levels, presenting a constant input level 

to the pulse qualification circuitry. Signal processing °* FastandslowAGC attack regions for fast transient 
can be further enhanced with pulse slimming tech- recovery 

niques supported by on-chip emitter followers and 
buffer amplifier. The AGC loop can be disabled so that 
a constant gain can be used for embedded servo de- 
coding or other processing needs. 


Supports data rates up to 15 Mbits/sec 


* Buffers and Amplifier to implement Pulse Slim- 
ming | 


Inwrite mode the circuitry is disabled andthe AGC gain 
stage input impedance is switched to a lower level to 
allow fast setting of the input coupling capacitors during 
a write to read transition. The SSI 32P546 requires 
+5V and +12V power supplies and is available in a 
32-pin DIP. | | 





BLOCK DIAGRAM 


OUT+ OUT- EFI EF2 EFS EF4 BIN- BIN+ BOUT+ BOUT+ DIN- DIN+ CIN- = CIN+ DIF- DIF+ vcG VDD 


BYP [] 


FULL WAVE 
RECTIFIER AND 
AGND [] d LEVEL SHIFTER 


FAS — J 
HOLD > 
Ul] SLOW ie 
| | . 
READ DATA 
RW {H PROCESSOR | == 
MODE CONTROL | 
| LI L_| Reo i 


DIGITAL AGC LEVEL HYS DOUT os 
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CIRCUIT OPERATION 


READ MODE 


In the read mode (R/W input high or open) the input 
read signal is amplified and qualified using an AGC 
amplifier and pulse level qualification of the detected 
signal peaks. | | 


The amplified head signals are AC coupled to the IN+ 
and IN- pins of the AGC amplifier that is gain controlled 
by full wave rectifying. and amplifying the (DIN+ - DIN—) 
voltage level and comparing itto areference level atthe 
AGC pin. A fast attack mode, which supplies a 1.7 mA 
charging current for the capacitor at the BYP pin, is 
entered whenever the instantaneous DIN + level is 
more than 125% of set level. Between 100% and 125% 
the slow attack mode is invoked, providing 0.18 mA of 
charging current. The two attack modes allow rapid 
AGC recovery from a write to read transition while re- 
ducing zero crossing distortion once the amplifier is in 
range. 


The level at the AGC pin should be set such that the 
differential voltage level at the DIN+, DIN- pins is 
1.00 Vpp at nominal conditions. The circuit can swing 
2.5 Vpp at the BOUT+, BOUT- pins which allows for up 
to 6dB loss in any external filter connected between the 
BOUT+, BOUT- outputs and the DIN+, DIN- inputs. 


Gain of the AGC section is nominally 


Av1 5.8 + Vt 


Where: Av1 and Av2 are initial and final amplifier 
gains. V1, V2 are initial and final voltages 
on the BYP pin. 


Vt = (K x T)/q = 26 mV at room temperature. 


Manipulation of pulse characteristics can be accom- 
plished using the emitter followers and buffer amplifier 
(gain = 4) that follow the AGC amplifier. As illustrated 
in the application section, pulse slimming requires an 
external delay line and attenuator. 


One filter for both data (DIN+, DIN- input) and clock 
(CIN+, CIN- input) paths, or a separate filter for each 
path may be used. If two filters are used, care must be 
exercised to control time delays so that each path is 


timed properly. A multi-pole Bessell filter is typically 
used for its linear phase or constant group delay 
characteristics. : 


The filtered data path signal is fed into a hysteresis 
comparator that is set at a fraction of the input signal 
level by using an external filter/network between the 
LEVEL and HYS pins. Using this approach allows 
setting the AGC slow attack and decay times slow 
enough to minimize distortion of the clock path signal. 
This “feed-forward” technique, utilizing a fraction of the 
rectified data path input available at the LEVEL pin as 
the hysteresis threshold, is especially usefulinthe slow 
decay mode of the AGC loop. By using a short time 
constant for the hysteresis level, the qualification 
method can continue as the AGC amplifier gain is 
slowly ramped up. This level will also shorten the write 
to read transient recovery time without affecting data 
timing as the circuit will be properly decoding before the 
AGC gain has settled to its final value. The comparator 
output is the “D” input of a D type flip-flop. The DOUT 
pin provides a buffered test point for monitoring this 
function. ok 


The filtered clock path signal is differentiated to trans- 
form signal peaks to zero-crossings which clock an 
edge-trigger circuit to provide output pulses at each 
zero-crossing. The pulses are used to clock the D type 
flip-flop. The COUT pin is a buffered test point for 
monitoring this function. 


The differentiator function is set by an external network 
between the DIF+, DIF- pins. The transfer function is: 


LCs? +(R+92)Cs+1 


Where: C = external capacitor (20 pF to 150 pF) 
L = external inductor 
R = external resistor 
S = jo = j2rt 


During normal operation the differentiator circuit clocks 
the D flip-flop on every positive and negative peak of 
the signal input to CIN+, CIN-. The D input to the 
flip—flop only changes state when the signal applied to 
the DIN+, DIN- inputs exceeds the hysteresis com- 
parator threshold opposite in polarity to the previous 
peak that exceeded the threshold. 
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The clocking path, then, determines signal timing and 
the data path determines validity by blocking signal 
peaks that do not exceed the hysteresis comparator 
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LAYOUT CONSIDERATIONS 


The SSI 32P546 is a high gain wide bandwidth device 
that requires care in layout. The designer should keep 


threshold. analog signal lines as short as possible and well 


balanced. Use of a ground plane is recommended 
along with supply bypassing and separation of the 
SSI 32P546 and associated circuitry grounds from 
other circuits on the disk drive PCB. 


The delays from CIN+, CIN- inputs to the flip-flop clock 
input and from the DIN+, DIN- inputs to the flip-flop D 
input are well matched. 


WRITE (DISABLED) MODE 


Inthe write or disabled mode (R/W input low) the digital 
circuitry is disabled and the AGC amplifier input imped- 
ance is reduced. In addition the AGC amplifier, gainis 
set to maximum so that the loop is in its fast attack 
mode when changing back to Read Mode. The low- 
ered input impedance facilitates more rapid settling of 
the write to read transient by reducing the time constant 
of the network between the SSI 32P546 and read/write 
preamplifier, such as the SSI 32R510A. 


READ - Read amp on, AGC ac- 
tive, Digital section active 


HOLD - Read amp on, AGC 
gain held constant Digital SeC- 


tion active 


WRITE - AGC gain switched to 
maximum, Digital section inac- 
tive, common mode input resis- 
tance reduced 





Internal SSI 32P546 timing is such that this settling is 
accomplished before the AGC loop is activated when 
going to read mode. Coupling capacitors should be 
chosen with as low a value as possible, consistent with 
bandwidth requirements, to allow more rapid settling. 


PIN DESCRIPTION 


TYPE 












DESCRIPTION 















5 volt power supply 





12 volt power supply 





AON, DGND Analog and Digital ground pins 





TTL compatible read/write control pin 
IN+, IN- 
OUT+, OUT- 


Analog alla input BE 


baad 
a 
ay 
aa 
=a 
| © | AGC Ampiieroutputpins 
|__| The AGC timing capacitors tied between this pin and AGND 
Rails 
a 
a_i 
btu! 





Reference input voltage level for the AGC circuit | . 


DIN+, DIN- 
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PIN DESCRIPTION (Continued) 
/NAME —s|_s* TYPE |. DESCRIPTION 
_CIN+, CIN- 
DIF+, DIF- 
COUT ‘Buffered test point for monitoring the clock input to the flip-flop | 


ae 
(0S |__| Connection for read output pulse width setting capacitor = 
‘AD ti“‘iqL;‘i‘i ON: _ TTL compatible read output . 
; Po 
om 



















“Analog input to the differentiator 


Pins for external differentiating network os 











Emitter follower input 


ELECTRICAL CHARACTERISTICS A 
Unless otherwise specified 4.5 < VCC < 5.5V, 10.8V < VDD < 13.2V, 25°C < Tj< 135°C. 





Emitter follower outputs 
‘Analog input to buffer amplifier 


Buffer amplifier output pins 


ABSOLUTE MAXIMUM RATINGS | 
Operation above absolute maximum ratings may permanently damage the device. 


‘65 to 150 

__ 260 

0.310 VOO+0.3 
PDO -0.3 to VCC + 0.3 or +12 MA 


POWER SUPPLY 















RATING _ 
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LOGIC SIGNALS 


PARAMETER CONDITIONS 
VIL - Input Low Voltage 


-0. 


IIL - Input Low Current | VIL =0.4V 
IIH - Input High Current VIH = 2.4V | 
VOL - Output Low Voltage IOL = 4.0 mA 


ee ee ee 

| VIH-InputHigh Voltage | iL 
svi=oav sf oo || 

ree ee 

an ae 

Crom 

x 

a 





MODE CONTROL 











PARAMETER CONDITIONS 


Readto Write Transtiontime | 


Write to Read Transition Time AGC settling not included, 
transition to high input 
resistance 


Read to Hold Transition Time Pr 













WRITE MODE | 7 

PARAMETER CONDITIONS — | MIN 
Common Mode Input Impedance | R/W pin = low 

(both sides) | 


READ MODE 

Unless otherwise specified IN+ and IN- are AC coupled, OUT+, and OUT- are loaded with 150Q to VDD, a 
2000 pF capacitoris connected between BYP and GND, BOUT+is AC coupled to DIN+, BOUT- is AC coupled 
to DIN-, AGC pin voltage is 2.2 VDC. 








AGC AMPLIFIER 
PARAMETER -| CONDITIONS 





Differential Input Resistance V(IN+ — IN-) = 100 mVpp 
@ 2.5 MHz | 


Differential Input Capacitance =| V(IN+—IN-) = 100 mVpp 
@ 2.5 MHz 







Common Mode Input Impedance | R/W pin high | 
(both sides) R/W pin low 
VOUT+ = 0.75 Vpp 1.0 














Bandwidth Gain set to maximum 30 
-3 dB point 
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AGC AMPLIFIER (Continued) 













Set by BYP pin voltage 
Z (load) = 150Q to VDD 


30 mVpp V(IN+ — IN-) 

< 550 mVpp, 0.5 Vpp 

< V(DIN+ — DIN-) < 1.5 Vpp 

| (DIN+— DIN-) Input Voltage 30 mVpp V(IN+ — IN-) 
Swing Variation < 550 mVpp AGC Fixed, 

| | — over supply & temperature 

Vin = 300 mVpp—> 150 mVpp 


at 2.5 MHz, Vout to 90% of 
final value Figure 1a a 





Maximum Output Voltage Swing 















(DIN+ — DIN-) Input Voltage 
Swing VS AGC Input Level 













| Gain Decay Time (Td) 














From Write to Read transition . 
to Vout at 110% of final value 
| Vin = 400 mVpp @ 2.5 MHz. 


Gain Attack time (Ta) 
Figure 1b 
V(DIN+ - DIN-) 


Fast AGC Capacitor Charge 
Current | | -| =1.6V V(AGC) = 2.2V 3 
Slow AGC Capacitor Charge ae DIN-) = 1.6V Vary 
Current voce until slow seialge 
Fast to Slow Attack Switchover. ON V(DIN+—DIN-) 

DIN +—DIN-) Final 


Point 
V(DIN+ — DIN-) = 0.0V 
Read Mode 
‘Hold Mode 


CMRR iinpek Referred) V(IN+) = N-) = 100 mVpp- 
yA 5 a on at max. 
PSRR (Input Referred) VCC or VDD = 100 mVpp 
@ 5 MHz, gain at max. 
UNITY GAIN BUFFERS: EMmcreRROLLOWEES sa 
a 
Maximum Output Voltage Swing | Z(load diff.) = 1 KQ— 


AC ~ouens a 
Input Bias Current 
Sipser — 


| Output Current 

















| AGC Capacitor Discharge Current 
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DIFFERENTIAL BUFFER AMPLIFIER 


PARAMETER CONDITIONS | MIN | | MAX | 

Gain (BOUT +—BOUT -) Differential Gain 4 VN 
(BIN +—BIN —) 

Bandwidth -3 dB bandwidth 






Maximum Output Voltage Swing | Z (load diff.) = 1 KQ | 
Differential Input Resistance V (IN+ - IN-) = 100 mVpp, 20.0 KQ 
2.5 MHz 


Differential Input Capacitance V (IN+ - IN-) = 100 mVpp, 
2.5 MHz 
Common Mode Input Impedance 
(Both Sides) 


BOUT+ to BOUT- Pin Current No DC path from +2.4 
OUT+/- to GND 


Common mode Rejection Ratio V (BIN+) = V (BIN-) 40 
(Input Referred) = 100 mVpp, 5 MHz 
Power Supply Rejection Ratio V (12) or V(5) 30 
Input Referred = 100 mVpp, 5MHz 


HYSTERESIS COMPARATOR 


Differential Input Resistance V (DIN+ — DIN-) = 100 mVpp 5 
@ 2.5 MHz 

Differential Input Capacitance V (DIN+ — DIN-) = 100 mVpp pF 
@ 2.5 MHz 


Common Mode Input Impedance | (both sides) 
Comparator Offset Voltage HYS pin at GND, < 1.5 KQ 

across DIN+, DIN- 
Peak Hysteresis Voltage vs HYS | At DIN+, DIN- pins 
pin voltage (input referred) 1V <V (HYS) < 3V 
HYS Pin Input Current 1V <V(HYS) <3V 0.0 — 


Level Pin Output 0.6 <| V (DIN+— DIN-) | 
Voltage vs V(DIN+ — DIN-) <1.3 Vpp 10 KQ from LEVEL 
pin to GND 


V(HYS) = some % of 
*V(AGC) or V(LEVEL) 
1V < V(HYS) < 3V 

*see figures 4 & 5 


* In an open loop configuration where reference is V(AGC) tolerance can be slightly higher. 





































Hysteresis threshold margin as 
a % of V(Fx+ - Fx-) peak 
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input SignalRango—Ss|SSS*~<“~*~‘—‘—*~s~s~sé‘“TSC‘g§WC#*d;(COSS OVD 
| Differential Input Resistance V(CIN+ — CIN-) = 100 mVpp 58 | | 11.0 KQ 
| | | @ 2.5 MHz | | 7 
Differential Input Capacitance | V(CIN+—CIN-) = 100 mVpp pF 
| 3 @ 2.5 MHz ; gt 
Common mode Input Impedance (both sides) Ff 20 | Ka 
Voltage Gain From CIN+ to DIF+t | R(DIF+toDIF-)=2KQ | 17 | | 22 | wv 
DIF+ to DIF- Pin Current Differentiator Impedance mA 
must be set so as not to clip ae 
signal at this current level 7 


COUT Pin Output Pulse Width 


| PARAMETER 7 conpiTioNs =———s|s MIN 


Propagation Delay (Td3) ees 


Output Data Pulse Width | 
| Variation 
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HYSTERESIS COMPARATOR (Continued) 





PARAMETER CONDITIONS 


LEVEL Pin Max Output Current 3.0. 
LEVEL Pin Output Resistance (LEVEL) = 0.5 mA 
DOUT Pin Output Low Voltage 0.0<IOL<05mA - 


DOUT Pin Output High Voltage | 0.0<IOH<0.5mA 
ACTIVE DIFFERENTIATOR Oe 
CONDITIONS 




















































Comparator Offset Voltage | DIF+, DIF = AC Coupled 
COUT Pin Output Low Voltage 0.0<IOH<0.5 mA 


COUT Pin Output Pulse voltage | 0.0<IOH<0.5mA 
V(high) - V(low) | : } 
0.0<IOH<O05mA 


OUTPUT DATA CHARACTERISTICS (See Figure 2) | | 
Unless otherwise specified V(CIN+ — CIN-) = V(DIN+ — DIN-) = 1.0 Vpp AC coupled since wave at 2.5 MHz 
differentiating network between DIF+ and DIF-is 100Q in series with 65 pF, V (Hys) = 1.8 DC, a60 pF capacitor 
is connected between OS and VCC, RD- is loaded with a 4 KQ resistor to VCC anda 10 pF capacitorto GND. . 






2 
> 


D-Flip-Flop Set Up Time (Td1) Min delay from V(DIN+ DIN-) .} 0 

. exceeding threshold to | 
V(DIF+ — DIF-) reaching 
a peak 7 























Td5 = 670 Cos, 
50 pF < Cos < 200 pF 


bad 
ri 










Output Rise Time | VOH=24V00 0” 
“| VOL=0.4V | 
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Vv NS 
Vv Ne S 


eee tS” 


| Ta 
V (OUT+ — OUT-) wn 90% 
V (OUT+ — OUT-) 


of 






FIGURE 1(a), (b): AGC Timing Diagrams 


+HYSTERESIS LEVEL 


V (CIN+ — CIN-) 
V (DIN+ ~ DIN-) 


~HYSTERESIS LEVEL 


V (DIN+ — DIN-) 


V (COUT) 
FLIP-FLOP CLOCK 


V (DOUT) 
FLIP-FLOP D INPUT 


RD OUTPUT 
READ DATA 





FIGURE 2: Timing Diagram 
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PULSE SLIMMING 


The "Cosine Equalization" technique used in the SSI 32P546 relies on an external delay line to affect pulse 
slimming. This method is illustrated below: : 


BLOUT +(to)] 
BLOUT + (to +2) 


BOUT = 4 (BIN+ —BIN-) 





The PW50 reduction is dependent on the amplitude of t and the attenuation (8) between EF3 and BIN-. 
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L_| WRITE UNSAFE 
L_ | HEAD SELECT 
L | WRITE DATA 
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1K 001 pF IWww— VV a 
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gS 
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eal i a 
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oe 


fy 
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fe ae pert || 










Y 
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8 

uy FULL WAVE 

ar RECTIFIER AND 
LEVEL SHIFTER 


ROD 
| } READ DATA 






| 
SLOW 
ae 
E 
5 eeu READ DATA 
| | | } PROCESSOR | —= 


MODE CONTROL 


DIGITAL 
GND 


yiz2 HOe'z 
[\e) 
>) 
< 
a 
QO 
dd os} 
6¢'9 NPS" 


KEEP LEADS 
SHORT 


READMWRITEB 
SERVO HOLD 





FIGURE 3: Typical Application 
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SSI 32P546 
Read Data Processor 
with Pulse Slimming 


V(HYS) = K% of V(LEVEL) 


To AGC — 
Charge Pump 





FIGURE 4: Feed Forward Mode 


For V(HYS) = 
+15% (max) | K% of V(LEVEL) 


Typically ~ 60% 
Typical ~ 60% 


—15% (min) 


Hysteresis Threshold as a 


as 
3°) 
is) 
ou 
T 
< 
LL 
' 
+ 
< 
LL 
— 
> 
— 
Oo 
eS 


9MHz Frequency 





_ FIGURE 5: Percentage Threshold vs. Frequency 
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PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: @ ja 


(TOP VIEW) 32-Lead SOW 





32-Lead SOW 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32P546 Read Data Processor 


32-Lead SOW SSI 32P546-CW SSI 32P546-CW 








No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 





©1989 Silicon Systems, Inc. 2-95 0689 
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DESCRIPTION 


The SSI 32P547 Read Data Processor and Servo 
Demodulator with Variable Pulse Slimming and Zone 
Filter Mux is a fully integrated bipolar circuit that detects 
and validates amplitude peaks in the output from a disk 
drive read amplifier, as well as detecting embedded 
servo information to provide position error signals used 
for read head positioning. 


Time and amplitude qualification are used to provide a 
PECL output that accurately duplicates the time 
position of input signal peaks. An AGC control loop, 
using a dual rate charge pump, provides a constant 
input amplitude for the level qualifier. 


SSI 32P547 
High Performance 
Pulse Detector 
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July, 1989 
FEATURES 


© Wide bandwidth AGC input amplifier 
© Uses standard +12V and +5V + 10% supplies 


© Level qualification supports MFM or RLL 
codes 


© Servo burst capture circuit for use in 
embedded servo 


© Four input differential filter MUX 


© Pulse Slimming with Variable Attenuation 





BLOCK DIAGRAM 


+12V 


180 Z= 100 

San I: 
[> i 
C1] 


+ 
a L) 


VARIABLE 
ATTENUATOR - 


HOLD [} << 
+5 

wy. 

f 

FAST 
| 
p & 
READ DATA 
RW L}1 PROCESSOR | = = 
MODE CONTROL 


DGND 













LEVEL 
SHIFT 
a ; 


i | : 
a L) L] 


HOLDB VREF 


RINT RINT ADDED TO IMPLEMENT 
SERVO ERROR DETECTION 
RCS aa a. CHLD 


DISCHARGE 
CURRENT 
GENERATOR 


CS| HOLDA 


0 O r) 7 a = B C) 
ace LEVEL = HYS LATCHA LATCHE RST 
DIGITAL RINT 
GND 
0789 tl 
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CIRCUIT OPERATION 


Level qualification can be implemented as fixed thresh- 
old or a constant percentage that tracks signal ampli- 
tude that enhances qualification during AGC loop tran- 
sients. 


The Servo Demodulator consists of two peak detector 
channels that capture rectified servo data peaks. Buf- 
fered individual channel outputs are provided along 
with a difference output. 


The SSI 32P547 requires standard +10% tolerance 
+5V and +12V supplies and is available in a 52-pin 
Quad PLCC package. 


MODE CONTROL 


The circuit mode is controlled by the R/W, and HOLD 
as shown in Table 1. 


READ MODE 


The circuit is placed in the read mode when the R/W pin 
is high or open and is disabled (write mode) when the 
R/W pinis low. Inthe write mode the digital circuitry is 
disabled, the AGC amplifier gain is set to maximum 
and the input impedance of the input analog stage is re- 
duced to allow more rapid settling of the input coupling 
Capacitors from the read/write circuit (such as the SSI 
32R510A) upon transition to the read mode. Write to 
read transition timing is controlled to allow settling of 
the coupling capacitors between the read/write circuit 
and the SSI 32P547 before the AGC circuitry is acti- 
vated when going to the read mode. Coupling capaci- 
tors should be chosen with as low a value as possible 
consistent with adequate bandwidth to allow for more 
rapid settling. When the R/W, and HOLD pins are high 
or open the input amplifier is in the read data AGC 
mode and gain is controlled to keep a constant read 
data peak level. When the HOLD pin is pulled low the 
gain of the analog circuit is held at the level determined 
when the HOLD pin was high (the gain will slowly drift 
due to leakage). 








READ DATA AUTOMATIC GAIN CONTROL 
CIRCUIT 


In this mode an amplified head output signal, such as 
the output of the SSI 32R117, 32R501, or 32R510A 
read/write circuits, is AC coupled to the IN+ and IN- 
inputs. Inthe read mode the level at the Fx +/- pins is 


| mately: (# 


controlled by full wave rectifying the level at the sum- 
mer output and comparing it to a reference level 
supplied at the AGC pin. When the input level at the 
filter outputs is greater than 125% of the desired level 
as set by the AGC pin, the circuit is ina fast attack mode 
and will supply about 1.7mA of,charging current at the 
BYP pin. When the input level is between 125% and 
100% of.the desired level, the circuit enters a slower 
attack mode and will supply about 0.18mA of charging 


current. This allows the AGC to rapidly recover when 


going from write to read but reduces zero crossing 
distortion once the AGC amplifier is in range. 


To reduce the effect of gain attack overshooton settling 
time (due to offsets) a fast decay mode is entered if 
slow decay mode exceeds 1.6 usec (nom). Fast decay 
discharge current is 0.8 mA and slow decay discharge 
current is 4.5 WA. 


The AGC pin is internally biased so that the level at the 
filter input pins is 0.83 Vpp. The level at the filter input 
pins can be increased by tying a resistor from the AGC 
pin to VCC or reduced by tying a resistor from the AGC 
pin to GND. 


Rx 


5V yV Rx 





V (5-V) Rint — 
AGC = Rint + Rx 





Vice = VAX 
AGC = Rint = Rx 


| Where: 


V = Voltage at AGC with pin open (2.4V, nom.) 
Rint = AGC pin input impedance (6.7 KQ, typ.) 
Rx = External resistor. 


The new DIN+/- input target level is nominally 
0.43 Vp-p/Vacc. 


Gain of the AGC section in the AGC mode is approxi- 


n 1 exp [6. 9x(V2-W)] 
Where: 


Av1, Av2 are initial and final amplifier gains. V1, v2 are 
initial and final voltages on the BYP pin. 


READ DATA PULSE SLIMMING CIRCUIT 


The Pulse Slimming Circuit uses an external delay line 
and an analog controllable Variable Attenuator to 


- implement pulse slimming. Input biasing for this stage 


is accomplished by low pass filtering the signal at the 
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OUT-+ pin with an on chip resistor and external capaci- 
tor tied to the INREF pin and using that signal as a 
reference to the following single ended to differential 
stage. 
, 

Freq (— 3dB ) OR AG 
Where: R (lowpass) is the on-chip resistor = 6KQ 

C (ext) is the external capacitor 
The ratio between the gains of the attenuated and 
non-attenuated signal paths (K) is controlled by vary- 
ing the gain of the on-chip attenuator: 





K = Ko - Gx V (ATTEN) / VREF2_2 

Where G is the gain factor, V (ATTEN) is the voltage 
applied to the ATTEN pin. VREF2_2 is the voltage on 
the VREF2_2 pin and Ko is the initial value for K when 
V(ATTEN) = 0.0V. 


SELECTABLE EXTERNAL FILTER 
DRIVER/RECEIVER 


The on-chip circuitry allows four separate filters to be 
used for support of constant density recording. A filter 
is selected by using the two TTL input filter select pins; 
FILT1, and FILT2. Filter selection is as follows: 


Filtert Filter 2 Channel 
0 0 F11 
0 1 — Fl2 
1 0 F13 
1 1 F14 


READ MODE DIGITIZING SECTION 


In the data path the signal is sent to a hysteresis 
comparator. The comparator hysteresis level can be 
set at a fixed level or, with the addition of an external 
filter network, a fraction of the signal level. 


The latter approach allows setting the AGC circuit 
decay and slow attack times slow enough to minimize 
distortion of the signal going into the clocking path and 
setting a short time constant for the hysteresis level. 
Thus when switching to a head with a different output 
level or when switching from write to read the circuit is 
properly decoding data before the AGC circuit gain has 
settled to its final steady state value. The output of the 
hysteresis comparator is the “D” input of a D flip-flop. 
The DOUT pin provides a PECL comparator output 
digital signal for testing purposes and, if required, for 
use in the servo circuit. 
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Inthe clocking path the signal is sent to a differentiator 
circuit whose characteristics are set by external com- 
ponents. The differentiator transfer expression from 
Fx+/- to the comparator input (which is not the DIF+/- 
output) is: 

ee —2 Cex Ris 


2Lex Cex 5° + Cex (Rex+2Re s+ 


Where: Ri= on chip resistors = 1.0 KQ nominally; 
Re= emitter resistance seen at DIF+ or DIF- = 46 Q 
nominally; Cex= external capacitor, allowable range is 
20 pF to 150 pF; Rex= external resistor; Lex= external 
inductor. 


The output of the differentiator circuit is sent to the edge 
trigger Circuit which creates an output pulse on every 
zero crossing of the output of the differentiator. The 
output of the edge trigger is the clock input of the D flip- 
flop. During normal system operation the differentiator 
Circuit clocks the D flip-flop once every positive and 
negative peak of the input signal. 


The data path D input to the flip-flop only changes state 
when the signal applied to the filter inputs exceeds the 
hysteresis comparator threshold in a polarity opposite 
the polarity of the peak which last exceeded the thresh- 
old. Therefore, the clocking path determines signal 
timing and the data path blocks spurious peaks if they 
do not exceed the hysteresis comparator threshold. 
Figure 5 shows Circuit operation of the digital section. 
The two digital signal path delays between the Fx+, Fx- 
inputs to the flip flop inputs are well matched. 


SERVO BURST CAPTURE SECTION | 


Rectified servo data peaks are latched into the A orB 
servo Channels by pulling the TTL compatible inputs 
LATCHA or LATCHB low, respectively. A chip-gener- 
ated discharge current is turned on for channels Aor B 
by pulling the TTL compatible input RST low. The 
magnitude of this discharge current is set by a resistor 
tied to the CS pin.Outputs of the BURSTA, BURSTB, 
and PES are referenced to an externally generated 
reference applied at the VREF pin. | 
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PIN DESCRIPTIONS 


POWER SUPPLY AND CONTROL 


DESCRIPTION 
5 Volt power supply. 


Collector of PECL emitter follower output which is to be connected to the 
5 volt power supply. 


12 volt power supply 
‘Analog ground pin 


TTL a read/write control pin | 


























Analog signal input pins 


Transconductance output for the AGC amplifier and input to the vari- 
able attenuator 





acne 
fe . Delayed input signal to the pulse slimming amplifier 
He ne nl Reference DC voltage to the eee ended to differential gain stage - 
Kel == 
used to control the attenuator gain 
ae The AGC timing capacitor is tied between this pin and AGND 
eee 


TTL compatible control pin which holds the input AGC amplifier AGC 
~ level when pulled low 





An Analog input which controls the attenuation value from 0 to 0.80 for 
the Variable Attenuator 


_ Reference input voltage for the AGC circuit 
SERVO BURST CAPTURE STAGE 


TATCHA 
LATCHB 
HOLDA 
HOLDB 


TTL inputs which initiates capture of a servo burst 
Peak on channel A or B when pulled low 
Peak holding capacitors are tied from each pin to GND 


_ TTL input which initiates discharge of channel A and B hold capacitors 
when pulled low 


Pin to control magnitude of discharge current during active eee of 
channel A and B hold capacitors 


Reference level for servo circuit 
Buffered burst peak outputs 


VREF 


| BURSTA 
| BURSTB 


NOTE: COUT, DOUT, RSTA and RSTB are not brought out in a 44-pin package. 





BURST_B minus BURST_A output 
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DIGITAL PROCESSING STAGE 


|NAME V0 DESCRIPTION 
F1X+ 
FX+ 


Differential filter |/O to the four external filters 
FILT1 
FILT2 


+ | TTL compatible inputs to control multiplexer for selection of 1 of 4 filters 
luvs | 
LEVEL ae Provides rectified signal level for input into the hysteresis circuit 





















Hysteresis level setting input to the hysteresis level detect comparator 
DOUT A Pseudo ECL D input into D flip-flop provided for testing or servo use 
DIF+, DIF- Pins for external differentiator components 


Clock input into D flip-flop provided for testing 


Pin for external capacitor in the one shot which determines read channel 
output one-shot pulse width | 
A Pseudo ECL (PECL) read output 


TABLE 1: Mode Control . 
|MODE | RW | _HOLD CONDITIONS 
4 


Read/AGC ree * 4 Read amp on, AGC active and controlled by data, Digital 
section active 

Read/Hold 1 Read amp on at fixed gain, AGC level held constant 
Digital section active 


Read amp on with reduced input impedance AGC level 


pulled low, Digital section deactivated, BYP pin set for 
ABSOLUTE MAXIMUM RATING 


maximum AGC gain 
Operation above absolute maximum ratings may permanently damaae the device. 
















PARAMETER RATING UNITS 
+5V Supply Voltage, VCC, PEVCC a ee ee ee 


_ +12V Supply Voltage, VDD 14.0 V 


Pin Voltage -0.3 to VDD+0.3 V | 
BYP, AGC, LEVEL, HYS, HOLD_A/B, 
— 


_VREF, BURST_AVB, PES, DIF +/-, F1-4 
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Pin Voltage 

IN+/-, HOLD, R/W, RST, ATTEN, 
LATCHA/B, CS, OS, FILT1-2, 
F11-4+, F11-4-, OUT+, DLYIN, INREF, VREF2_2 
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~RD, DOUT, COUT nee -0.3. to VCC+0.3 
_ or +12mA 









ABSOLUTE MAXIMUM RATING (continued) 








| °C 
Lead temperature —— °C _ 
_ (soldering 10 sec a 2 = 7 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. | 


PARAMETER | CONDITIONS sit | MIN. | 
VCC Supply Voltage | oT a | . ; | 
| VDD Supply Voltage 10.8 











ELECTRICAL CHARACTERISTICS _- 


POWER SUPPLY a a 
_ Recommended conditions apply unless otherwise specified. 


~ PARAMETER | CONDITIONS — 


ICC VCC Supply Current Outputs unloaded _ mz 
IDD ~~. VDD Supply Current Outputs unloaded _- 
Pd ‘Po | ih oh of 


Power dissipation | Ta=70°C 
Outputs unloaded 

























MODE CONTROL 


PARAMETER | CONDITIONS | —— MIN 
Read-to-Write R/W Pin High — Low 

Transition time — | | 

Write to Read R/W Pin Low — High 1.2 . 

Transition time AGC settling not included 


Hold On <> Hold off | HOLD Pin High <— Low 
Transition time R/W Pin High 
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LOGIC SIGNALS (HOLD, FILT1-2, R/W, LATCHA,B, RST Pins) 


PARAMETER CONDITIONS | MIN | 













VCC+0.3 


10 






20 
IIL InputLow Current =| ViL=0.4V00 | 
[ii Input high Curent vdwaav 








* Output load is a 4 KQ resistor to 5V, and a 10 pF capacitor to ground. 


PECL OUTPUT: RD, DOUT PINS 


PARAMETER CONDITIONS 
Output Low Vottage ee 










50 | 
| 5.0 | 






VCC-1.02 


Output Rise Time 10 to 90 % Lo 
Output Fall Time 90t010% aa 


*Output load is a 5 KQ resistor to 5V, and a 5 pF capacitor to ground. 
AUTOMATIC GAIN CONTROL CIRCUIT 


All of the measurements in the AGC gain mode are made with the following conditions unless otherwise 
stated: 


The circuit is in the read mode (R/W, and HOLD pins high). 

The circuit is connected as in figure 4. 

The amplifier inputs, IN+ and IN- , are AC coupled. 

The OUT+ pin is loaded with 100 Q to Vcc and Fx+, Fx- 200Q each to Vop. 
A 2000 pF capacitor is tied between BYP and GND. | 

The AGC pin is left open. 

READ DATA MODE } 


CONDITIONS 


Slow AGC Capacitor V(Fx+ - Fx-)=0.0 


ON seg eee eee Je ae 












PARAMETER 






Discharge Current wo 
Fast AGC Capacitor V(Fx+ -Fx-)=0.0 
Discharge Current . 
Fast Decay Hold Off Time Slow Attack Threshold 0.7 1.6 3.0 Us 

| Not Reached 3 os 
AGC Capacitor R/W pin high, HOLD low uA 
Leakage Current | 
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AGC Pin Voltage AGC pin open 
|.GainRange | Z Load = 1000 | 


Output DC Voltage Variation V(OUT+) DC level from min. 
to max gain V(IN+) = V(IN-) 


SSI 32P547 
High Performance 
Pulse Detector 


ELECTRICAL CHARACTERISTICS (continued) 


READ DATA MODE (continued) 


PARAMETER CONDITIONS | 


Slow AGC Capacitor Charge V(Fx+ - Fx-)=0.8 Vdc, ~ mA 
Current Vary V(AGC) until slow | 4 
, | discharge begins 
















_ Fast AGC Capacitor Charge V(Fx+-Fx-)=0.8Vde = 
Current V(AGC)=3.0V, Vary AGC until 
fast charge begins 


Fast — Slow Attack Switchover V (Fx +-Fx-—) 
Point — | V(FX +—Fx —)Final; 
AGC pin open | 


Gain Attack Time R/W = low -> high, Vin= 
(Ta) See Fig. 1 400 mVpp @ 2.5 Mhz, — 
V(Fx) to 110% 
final value 


_ Fx+ - Fx- Input Voltage Swing vs | 15 mVpp < V(IN+ - IN-) 
AGC Input Voltage | < 250mVpp, 
0.4 Vpp < V(Fx+ - Fx-) 
< 1.25 Vpp 
Fx+ - Fx- Input Voltage Swing 15 mVpp < V(IN+ - IN-) 
Variation < 250 mVpp [ 
| 0.4 Vpp < V(Fx+ - Fx-) 
< 1.25 Vpp © 





AGC AMPLIFIER CHARACTERISTICS - 4 


Differential Input Resistance V(IN+ - IN-)=100 mVpp 
| ® 2.5 Mhz 


Differential Input Capacitance V(IN+ - IN-)}=100 mVpp 
@ 2.5 Mhz | 


Maximum Output Voltage Swing 
on OUT+ pin 


Common Mode Input Impedance RW pin = high 
(Both Sides) © R/W pin = low 


Input Noise 
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AGC AMPLIFIER CHARACTERISTICS (continued) 


PARAMETER CONDITIONS | NOM 

Bandwidth Gain set to 16 V/V, 30 
+ 3 dB bandwidth 

Common Mode Rejection Ratio V(IN+) = V(IN-) = 100 mV, 40 

(Input Referred) 5 Mhz, Gain set to 16 V/V 


Output DC Current on OUT+ Pin | IN+, IN- Shorted Together | TBD] 45 | | mA | 
Output Impedance, OUT+ Pin 


Allowable DC Load Resistance 88 112 Q 

To VCC on OUT+ Pin 

Allowable AC Load 
Impedance on OUT+ Pin 






























Power Supply Rejection 
Ratio (input referred) 


AV(VDD) or AV(VCC) = 
100 mVpp, 5mHz, gain set 
ai6V/V 


PARAMETER CONDITIONS | min | NOM 
R (low pass) Internal res en ee 
Gain from OUT+ pin to (Fix+-Fix)}_V (ATTEN) = 0.0V a a 






Attenuator Gain 7 Av (attenuated ) 
Ratio Range Av (non — attenuated 















Initial K, Ko Tolerance Ko = 0.83, V(ATTEN) = 0.0 
Attenuator Gain K Ratio Linearity | 0.0 < V(ATTEN) <VREF2.2 | -0.0 | 
OUT+ to INREF pin resistance | C (INREF) = .01pF 


Output Voltage Ref lload = -.7mA 1.95 2.28 2.45 V 
VREF2_2 Pin | 

Output Voltage Ref lload = -.7mMA 

VREF2_2 Pin | 

Output Current -.7 -1.0 mA 
Load VREF2_2 Pin | 

Maximum Output Voltage Swing | ssSs~S 


Input Capacitance OUT+ Pin 


Gain Factor G Tolerance G = 0.82, V(ATTEN) = -2.5 
VREF2_2 
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ELECTRICAL CHARACTERISTICS (continued) 


PULSE SLIMMER AND EXTERNAL FILTER DRIVERS | 


o VDD 
) (5) 


Power Supply Rejection Ratio AV (12) or AV (5) = 100 mVpp, 
(Input Referred) 5 Mhz Delayline Shorted 





_ READ MODE DIGITIZING SECTION 


_ All of the measurements in the read mode digital section are made with the following conditions unless 
otherwise stated: ss : -_ = | 


The circuit is in the read mode (R/W pin is high). | 

The Filter input pins, (Fx+, Fx-) receive AC coupled 2.5 MHz, 0.83 Vpp sine wave input signal. 
100 Q in series with 65 pF are tied between DIF+ and DIF-. . 

A 1.8 Vdc voltage is applied to the HYS pin. | 

OS is tied to the 5V supply with a 60 pF capacitor, Cos. ar 

The DOUT pin is loaded with a 5 KQ resistor to 5 volts and a5 pF capacitor to GND. 

The RD pin is loaded with a 5 KQ resistor to 5 volts and a 5 pF capacitor to GND. 


Be OY IS 


HYSTERESIS COMPARATOR CIRCUIT 
Input Signal Range | V(FX+ - Fx-) 


( 

| Differential Input Resistance V(Fx+ -Fx-) 10 

| =100 mVpp @2.5 MHz : : 
Differential Input Capacitance V(Fx+ - Fx-) 

7 } =100 mVpp @2.5 MHz a 


Common Mode Input On all Fx+ to Fx- 















Impedance Fx+/- tied together 


















LEVEL Pin Output 0.4 < V(Fx+ -Fx-) 
Voltage vs Fx+ - Fx- Input < 1.25 Vpp, 10 KQ 
Voltage between LEVEL pin and GND 


LEVEL Pin Output Impedance (LEVEL) =0.5 mA — 


LEVEL Pin Maximum 
Output Current © 
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HYSTERESIS COMPARATOR CIRCUIT (Continued) 


PARAMETER CONDITIONS 


Comparator Offset Voltage | HYS pin at GND, 
<1.5 KQ across Fx+,Fx-. Not 
measured on 52-pin device. 


Input referred Hysteresis Voltage | 1V<V(HYS) <3V 


(at Fx+ - Fx- Pins) vs HYS Pin 
Voltage 
Hysteresis threshold margin as V(HYS) = At a typical of 60% 
a % of V(Fx+ - Fx-) peak *V(AGC) or V(LEVEL) 
1V < V(HYS) < 3V 
*see figures 2 & 3 
HYS Pin Input Current 1V<V(HYS)<3V 


* In an open loop configuration where reference is V(AGC) tolerance can be sightly higher. 





DIFFERENTIATOR CIRCUIT 


| PARAMETER CONDITIONS | 


Voltage Gain from R(DIF+ to DIF-) 
Fx+/- to DIF +/- = 2.0 KO 


DIF+ to DIF- Pin Current Differentiator impedance must 
be set so as to not clip the 
signal for this current level 


| Comparator Offset Voltage DIF+, DIF- AC coupled 
COUT Pin Output Low Voltage 0.0< lol< 0.5mA 


| COUT Pin Voltage 


Pulse Voltage 
V(high) - Vilow) 


Required DFF Set-up Time, Minimum allowable time delay 

Td1 in Fig. 5 from V(Fx+,Fx-) exceeding 
hysteresis point to 
V(DIF+,DIF-) hitting peak 
value peak value 


Propagation Delay, Td3 in Fig. 5 
One-shot Capacitor Value (Cos) 


Output Data Pulse Td5 = 900 x Cos 
Width and Pulse @ V(RD) = 50% 
Width Variation at 20 < Cos< 200 pF 
RD Pin, Td5 in Fig. 2 
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ELECTRICAL CHARACTERISTICS (continued) 
READ DIGITAL SECTION AS SYSTEM a _ 
|PARAMETER | Conpimions | MIN | 


Pulse Pairing 0.83 Vpp into Fx+/- pins 
at 2.5 MHz 


|Td3 - Td4|Fig. 5 
0.83 Vpp into Fx+/- pins 
at 9.0 MHz 















SERVO BURST CAPTURE CIRCUIT ~~ | 
All of the measurements are made with the following conditions unless otherwise stated: 


1. The circuit is connected as in Fig. 4 
2. Aand B bursts are sampled onto BURSTA and BURSTB pins. 


PARAMETER , 





VREF Voltage Range 

BURSTA, BURSTB * ol ays SUBURBS T= SEE a oy wpe. 
Pin Output Voltage Ae ideas oo 

vs (Fx+ - Fx-) Input Voltage — LATCHA or LATCHB = Low 


BURSTA, BURSTB V(BURST) - V(VREF), 

Output Offset Voltage LATCHA, LATCHB Low, 
V(Fx+) = V(Fx-), RCS = 
38.3 KQ, or RST low 


BURSTA - BURSTB V(BURSTA)-V(BURSTB), 
Output Offset LATCHA, LATCHB Low, 
Voltage Match V(Fx+) = V(FX-) 


PES Pin Output V(PES) - V(VREF), 
Offset Voltage LATCHA, LATCHB Low, 
V(Fx+) = V(Fx-) 


PES Pin Output Voltage Vay (PES)-VREF 
vs. Va(Fx)pp - Vb(Fx)pp ~ Va (Fe) pp VB (FX Jp = 2.0v/vpp 


| Output Resistance 
BURSTA, BURSTB PES pins 


HOLDA/B Charge Current 





HOLDA/B Discharge Current RST = Low; 
| Idis = 2.6/(RCS + 750) 
| RST = High, 
LATCH_A/B = High © 
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SERVO BURST CAPTURE CIRCUIT (continued) 


PARAMETER 


LATCHA/B Pin Setup Time 
(Tds1 in Fig. 6) 


LATCHA/B Pin Hold Time, 
(Tds2 in Fig. 6) 


V (IN+- IN-) 


V (Fx+ - Fx-) 


40.43 V 

+0.215V 

VFx+ —Frx-) OV 
-0.215V 

0.43 V 

TATCRA 


FOLD 


TATCRS 


Fst 


A/B CHANNEL 
DISCHARGE CURRENT 


VREF + TBDV 
V (BURSTA) 
VREF 


VREF + TBDV 
V (BURSTB) 
VREF 


V{PES) 


VREF 





FIGURE 1: AGC Timing Diagram 


Da UN HR 3 a (ce CS (Fa are He a 
ie ae ee ee ee ee ee ee ee 
ie ae ee aa ee ee ae See 
ee ae PE ee es ee 





FIGURE 2: Servo Timing Diagram 
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V(HYS) = K% of V(LEVEL) 


To AGC 
Charge Pump — 


For V(HYS) = 
+15% (max) 2 Reg - K% of V(LEVEL) 


| Typically ~ 60% — 
Typical ~ 60% 


—15% (min) © 


Hysteresis Threshold as a - 
% of V(Fx+ - Fx—) Peak 


Frequency 


FIGURE 4: Percentage Threshold vs. Frequency 
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+HYSTERESIS 
~ LEVEL 


V (Fx+-Fx-) OV 


—-HYSTERESIS 
LEVEL 


V (DOUTB) 


—>Td1ke— 


V (DIF + — DIF-) 
OV 


-  DIFFERENTIATOR 
COMPARATOR 


OUTPUT 
V (COUT) 


a 


RD OUTPUT 1B Saige ees | 
—>| Ts 





FIGURE 6: Read Mode Digital Section Timing Diagram 


+ THRESH. 
V (FX+ — FX-) 


- THRESH. 


V (LEVEL) 


V (LEVEL) & 
V (HYS) 


HYSTERESIS 
COMPARATOR 
OUTPUT 





FIGURE 7: Expected Nominal Voltage Levels 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 






H—ANdSat te getagadad 

[is WM © © Ge © © Ge © ee Oe © ce Oe 

765 493 2 1 50 
Fii+ 18 46 [] F1- 
FILT2 09 45 |] F1+ 
FILT1 010 44 1. AGC 


AGND [] 11 43 0 DIF+ 
INREF [| 12 42 [] DIF- 
ATTEN (13 41) RST 
DLYIN (114 SS| 32P547 40 1 DOUT 


OUT+ [] 15 39 [] HYS 
VREF2_2 |] 16 38 |] LEVEL 
IN+ [| 17 37 |} HOLDA 
IN- [| 18 36 |] HOLDB 
VDD ({ 19 350CS 
vcc [20 34 [] PEVCC 


52 Pin Leaded Chip Carrier 


ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 
SSI 32P547 - 52-pin PLCC SSI 32P547-CH 32P547-CH 






No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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NOTES: 





2-114 


SSI 32P548 


fb ® Pulse Detector & 
Jl ref Data Synchronizer 





Noi eclalexsmlaiielanireiicele 


July, 1989 


DESCRIPTION FEATURES 


The SSI 32P548 is a low power, high performances e Highly Integrated Pulse Detector and 
Pulse Detection, Data Synchronization combination Data Synchronizer 


device. This device is designed for use in low power ; 
applications requiring +5V only power supplies. The ° +5V only Power Supplies 
pulse detection portion of this device detects and 

validates amplitude peaks in the output from a disk ° “Low Power <750 mW (max) 
drive read amplifier, as well as detecting embedded 
servo information to provide position signals used for 
read head positioning. The data synchronization por- ¢ MualServo Burst Channels with Position Error 
tion is a 2, 7 data synchronizer with window shift and Signal 

write pre-compensation capability. The SSI 32P548 

achieves low system operating power three ways, with °® Low Pulse Pairing (< +1 ns) 

a low operating power (+5V only design) and with two | | 
independent power down modes. Mode 1 is a com- 
plete shutdown or sleep mode. Mode 2 is a low power 
mode for use while acquiring servo, where all circuitry 
not associated with obtaining servo information is 
powered down. The SSI 32P548 is available in a 52- 
pin fine pitch QFP, 52-pin PLCC, and 68-pin PLCC. 





¢ Dual Power Down Modes 


* 5-12 Mbit/s operation 





BLOCK DIAGRAM 


g 
$ 
0 


Reference 
Current 
Generator 
1 DLYD DATA 


: 
1/4 Cel 
cree Ing 
RD- 
Crystal 


Reference 
Oscillator 


Level 
Shift 





CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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CIRCUIT OPERATION 
PULSE DETECTOR SECTION 


READ MODE 


In read mode the SSI 32P548 is used to process either 
data or servo signals. Inthe Data Read Mode the input 
signalis amplified and qualified using an AGC amplifier 
and pulse level qualification of the detected signal 
peaks. In the servo read mode the input signal is 
amplified and rectified. Two servo burst channels are 
available that provide A and B burst levels. 


DATA READ MODE | 


An amplified head output signal is AC coupled to the 
IN+ and IN- pins of the AGC amplifier. Gain control is 
accomplished by full wave rectifying and amplifying the 
[(DIN+)-(DIN-)] voltage level and comparing it to a 
reference voltage level at the AGC pin. 


The 32P548 contains a dual rate attack charge pump. 
The value of the attack current is dependent on the 
instantaneous level at DIN+. For signal levels above 
125% of the desired level a fast attack mode is invoked 
that supplies a 1.3mMA charge current to the network on 
the BYP pin. Between 125% and 100% of the desired 
level the circuit enters a slow attack mode and supplies 
0.18 mA of charge current to the BYP pin. 


Two decay modes are available and are automatically 
controlled within the device. 


Upon a switch to write mode, the device will hold the 
gain at its previous value. When the device is then 


switched back to read mode the AGC holds the gain» 
~ and stays in alow impedance state for 0.9 us. It then 


switches into a fast/slow attack mode if the new gain 
required is less than the previously held gain or a fast 
decay mode if the gain required is more than its 


previous value. The fast decay current is 0.12mA and 


stays on for 0.9us or until the circuit reaches the 
desired value at the DIN+ pins. After the 0.9 us time 
period the device stays in a steady state slow attack, 
slow decay mode. The slow decay discharge current 


is 4.5 pA. 


The AGC pin is internally biased so that the target | 


differential voltage input at DIN+ is 1.0Vp-p under 
nominal conditions. The voltage on this pin can be 
modified by tying a resistor between AGC and GND or 
VPA. A-resistor to GND decreases the voltage level, 
while a resistor to VPAincreases it. The resulting AGC 





VRx | 


(5—V) Rint __VRx__ 
Rint + Rext 


VaGe = 
Rint + Rext 


VAGC = 





FIGURE 1: AGC Voltage — 
voltage level is shown in Figure 1; where: 
V = Voltage at AGC w/pin open (2.2V, nom) 
Rint = AGC pin input impedance (2.5 KQ, typ) 
Rext = External resistor | 


The new DIN +input target levelis nominally 0.45 Vp—p/ 
VAGC. 


The maximum AGC amplifier output swing is 3.0 Vp-p 
at OUT+, which allows forup to 6B loss in any external 
filter between OUT+ and DIN+. 


AGC gain is a linear function of the BYP-pin voltage 
(VBYP) as shown in Figure 2. 


Gain VV 


80 


Slope = 120/V nominal 


2.45 
VBYP (Volts) 


FIGURE 2: AGC Gain 


The AGC amplifier has an open collector output and 
can sink 4.0 mA. For correct operation to the gain 
range the outputs should be pulled up to VPA through 
a 340© resistor as shown in Figure 3. 





DIN-/CIN- DIN+/CIN+ 


FIGURE 3: AGC Filter 
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Inthe 52-pin package configuration CIN+ and DIN-+ will 
be bonded together, likewise CIN- and DIN- will be 
bonded together. In this situation one filter must be 
used for both time and amplitude channels. A multipole 
Bessel filter is typically used for its linear phase or 
constant group delay characteristics. 


Inthe amplitude channel the signal is sent to a hyster- 
esis comparator. The hysteresis threshold level is set 
so that it will be tripped only by valid signal pulses and 
not by baseband noise. Itcan be fixed level or afraction 
of the DIN+ voltage level. 


The latter approach is accomplished by using an exter- 
nal filter/network between the LEVEL and HYS pins. 
This allows setting the AGC slow attack and decay 
times slow enough to minimize time channel distortion 
and setting a shorter time constant for the hysteresis 
level. The LEVEL pin outputis a rectified and amplified 
version of DIN+, 1.0p-p at DIN+ results in 1.0 Vo-p 
nominally, at the LEVEL pin. A voltage divider is used 


- from LEVEL to ground to set the Hysteresis threshold 


at a percentage of the peak DIN+ voltage. For ex- 
ample, if DIN+ is 1.0 Vp-p, then using an equal valued 
resistor divider will resultin0.5 Vpk atthe HYS pin. This 
will result in a nominal +0.200V threshold or a 40% 
threshold of a +0.500V DIN+ input. The capacitor is 
chosen to set an appropriate time constant. This ‘feed 
forward” technique speeds up transient recovery by 
allowing qualification of the input pulses while the AGC 
is still settling. This helps in the two critical areas of 
write to read and head change recovery. Some care in 
the selection of the hysteresis level time constant must 
be exercised so as to not miss pattern (resolution) 
induced lower amplitude signals. The output of the 
hysteresis comparator is the “D” input of a D type flip- 
flop. The DOUT pinis a comparator output signal for 
testing purposes ony: 


Inthe time channel the signal is differentiated to trans- 
form signal peaks to zero crossings which are detected 
and used to trigger a bi-directional one-shot. The one- 
shot output pulses are used as the clock input of the D 
flip-flop. The COUT pin provides the one-shot output 
for test purposes. 


The differentiator functionis accomplished by an exter- 
nal network between the DIF+ and DIF- pins. The 
transfer function from CIN+ to the comparator input 


(not DIF+) is: eject —~ 1000 Cs 
2 
2LCs +C(R+92)s+1 
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where: C,L, R are external passive components 
20pF <C<150pF 
S=jw = j2nf 


During normal operation, the time channel clocks the D 
flip-flop on every positive and negative peak of the 
CIN+ input. The D input to the flip-flop only changes 
state when the DIN+ input exceeds the hysteresis 
comparator threshold opposite in polarity to the previ- 
ous threshold exceeding peak. 


The time channel, then, determines signal peak timing 
andthe amplitude channeldetermines validity by block- 
ing signal peaks that do not exceed the hysteresis 
comparator threshold. The delays in. each of these 
channels to the D flip-flop inputs are well matched. 


SERVO READ MODE 


Aposition error signal (PES) is generated based onthe 
relative amplitude of two servo signals, BURST A and 
BURST B. 


Rectified servo signal peaks are captured on hold 
capacitors at the HOLDA/B pins. This is accomplished 
by pulling LATCHA or LATCHB low for a sample 
period. Additionally, ahold capacitor discharge current 


of up to 1.5 mA can be turned on by pulling RST low. 


Outputs BURSTA/B and PES are referenced to an 
internal reference supplied by the VREF pin. 


WRITE MODE 


In Write Mode the SSI 32P548 Pulse Detector section 
is disabled and preset for the following Read Mode. 
The digital circuitry is disabled, the input AGC amplifier 
gainis held at its previous value and the AGC amplifier 
input impedance is reduced. 


Holding the AGC amplifier gain and reducing input im- 
pedance shortens system Write to Read recovery 
times. 


The lowered input impedance improves settling time 
by reducing the time constant of the network between 
the SSI 32P548 and a head preamplifier such as the 
SSI 32R1200R. Write to read timing is controlled to 
maintain the reduced impedance for 0.9 us before the 
AGC circuitry is activated. Coupling capacitors should 
be chosen with as low a value as possible consistent 
with adequate bandwidth to allow more rapid settling. 
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DATA SYNCHRONIZER SECTION 


The SSI 32P548 is designed to perform data synchro- 
nization and write precompensation in rotating mem- 
ory systems which utilize a 2, 7 RLL encoding format. 
In the Read Mode the SSI 32P548 performs Data 
Synchronization, and Preamble Detect. In the Write 
Mode, the SSI 32P548 performs write precompensa- 
tion. The interface electronics and architecture of the 
SSI 32P548 have been optimized for use as a compan- 
ion device to the WD 42C22 controllers. 


The SSI 32P548 can operate with data rates ranging 
from 5 to 12 Mbit/sec. This data rate is established by 
a single 1% external resistor, RR, connected from pin 
IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: | 


RR = TBD 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
forthe PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
lfacrystal oscillatoris not desired, then an external TTL 
compatible reference may be applied to XTAL1, leav- 
ing XTAL2 open. 


The SSI 32P548 employs a Dual Mode Phase Detec- 
tor; Harmonic inthe Read Mode and Non-Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
ofaDLYD DATApulse. Inthe Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as function of the 
input phase error (relative to the VCO period.) © 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 1. 
RG is an asynchrouous input and may be initiated or 


terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated Prior 
th the last output Write Data pee ae 


READ OPERATION. 


The Data Synchronizer utilizes a fully igeaaien fast 
acquisition PLL to accurately develp the decode win- 
dow. Read Gate, RG, initiates the PLL locking se- 
quence and selects the PLL reference input; a high 
level (Read Mode) selects the. Read Data input and low 
level selects the cyrstal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is.a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of Read Data. RRCis generated fromthe 
rising edges of the VCO clock. By utilizing a fully inte- 
grated symmetrical VCO running at twice the data rate, 


RRC is insured to be accurate and centered symmet- 


rically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of RRC. | , 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD. DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, C decode window controli is 
provided via a uP port (WSL, WSD, WSO, WS1) as 
described in Table 2. In application not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS1 can be left open. 


Window shifts in the range of 1.5% to 7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 


result in early or late decode windows respectively, as 


depicted in Figure 6. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 


control overthe decode window. The magnitude ofthis 


shift, TSA is determined by: 7 
TSA =0.125 ToR¢(1- 
where: Ris inohms 


-680+R j 
1180=R 
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Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data andthus minimizes the associated 
frequency step during acquisition. When RG transi- 
tions, the VCO is stopped momentarily, then restared 
in an accurate phase alignment with the next PLL 
reference input pulse. By minimizing the phase align- 
ment in this manner (phase error <0.5 rads), the 
acquisition time is substantially reduced. 


PREAMBLE DETECTION 


Detection timing is set by the sum of the 1/4 cell delay 
and the retriggerable one-shot delay. The 1/4 cell 
timing capacitor is included on-chip and its timing is 
externally set by resistor RR. The retriggerable one- 
shot timing is externally set by resistor Rd and capaci- 
tor Cd. The sum of their delays is set to exceed the 
preamble bit spacing. Therefore, acontinuous stream 
of input pulses at the preamble pulse rate keeps the 
SDO high, anda longer bit cell time input period allows 
the one-shot to time out producing a low at SDO. 


EARS ES 
fr ox | out lll Power Down 2, only servo channel active 


* AGC gain will drift at a rate determined by BYP and Hold mode discharge current. 





SSI 32P548 
Pulse Detector & 
Data Synchronizer 





WRITE OPERATION 


Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 
interference. The magnitude of the time shift, TC, is 
determinded by an external R-C network on the PSC 
pin given by: 


TC = 0.15 (RP) (CP) 


Direction of the time shift is determined by the state of 
the EARLY and LATE inputs. 








POWER DOWN MODE 


Two power down modes are provided to reduce power 
usage during the idle periods. Taking PDWN1 low 
causes the device to go into complete shutdown, and 
taking the PDWN2 pin low shuts down all functions not 
required for servo aquisition. 








MODE CONTROL 


The SSI 32P548 circuit mode is controlled by the 
PDWN1, PDWN2, HOLD, RG, and WG pins as shown 
in Table 1. 











Read Mode VCO Locked to XTAL 
Read Mode VCO Locked to Read Data 
Read Mode AGC gain held constant* 


Write Mode AGC gain held constant* 
Input impedance reduced 


Power Down 1 - low current disabled mode 
Servo Read Mode 


TABLE 1: Mode Control 
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TABLE 2: Decode Window Symmetry Control 


AVERAGE 


AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT 


@ ERROR @ ERROR 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
-2) Phase error is relative to the VCO period 





FIGURE 4: Phase Detector Transfer Function 
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2,7 RLL DATA 


RD 


DLYD 
DATA 


VCO 


RRC 
(DECODE WINDOW) 


PHASE DET 
ENABLE 


DATA 
VCO 


RAC 
(DECODE 
WINDOW) 


(a) EARLY 
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FIGURE 5: Data Synchronization Waveform Diagram 


DATA 
VCO 


RRC 
(DECODE 


WINDOW) 
(b) NORMAL 


FIGURE 6: Decode Window 
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DATA 


VCO 


RRC 
(DECODE 
WINDOW) 








(c) LATE 
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PIN DESCRIPTION 















Digital ground pin 


TYPE 











VPAI 


[Rone 





Analog signal input pins 


An AGC timing capacitor or network is tied between this pin and 
AGND1. 


Reference input voltage for the read data AGC loop 


Output from fullwave rectifier that may be used for apa to the 
hysteresis comparator 


Hysteresis level setting input to the hysteresis comparator 


TTL compatible pin that holds the AGC gain when pulled low 






TTL compatible inputs that switch channel A or B into peak acquistion . 
mode when low | 


LATCHA, LATCHB 


a 


* Note: In 52 pin package CIN+ will be internally bonded to DIN+, CIN- will be internally bonded to DIN-. 





hold pic ech when held low 
a 


Low state on this pin puts the device in a low power “off” state. 





Ss 
= 
< 
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PIN DESCRIPTION (Continued) 


TYPE DESCRIPTION 
































Low state on this pin disables all circuitry not required for use during 
Servo mode 


Crystal oscillator connections: if a crystal oscillator is not desired, 
XTAL1 may be driven by a TTL source with XTAL2 open 


Timing program pin: the VCO center frequency and the 1/4 cell delay 
are a function of the current source into pin IREF. The current is set 
by an external resistor, RR connected from IREF to VPA2. 


FLTR /O Filter pin: the phase detector output and VCO input node. Loop filter 

is connected to this pin. 
Synchronized Read Data: read data that has been re-synchronized 
to read clock | 












SRD 

WSD Window Symmetry Direction: controls the directions of the optional 
window symmetry shift. Pin WSD has an internal resistor pull-up 

WSO Window symmetry control bit: a low level introduces a window shift 


of 1.5% TORC (read reference clock period) in the direction estab- 
lished by WSD pin. WSO has an internal resistor pull-up. 





Window Symmetry Control bit: a low level introduces a window shift 
of 6% TORC (read reference clock period) inthe direction established 
by WSD. A low level at both WSO and WS1 will produce the sum of 
the two window shifts. Pin WS1 has an internal resistor pull-up. 


RF,RS 
* See Note 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over | 
the decode window symmetry; typically used to null out any window 
symmetry offset. Aresistor connected from either RF or RS to AGND 
will provide magnitude and direction control. They can be used in 
conjunction with the digital control port WSD, WSO, WS1. 


Read/Reference Clock: a multiplexed clock source used by the | 
controller. Inthe read mode, this clock is the VCO frequency divided 
by two (1/TORC) and in the write mode it is the crystal reference | 
frequency divided by two (1/TORO). No short clock pulses are 
generated during a mode change. , 














Sync Detect Set: used to program the preamble detect timing with an | 
external RC Network. Connect the capacitor, Cd to VPA2 and the | 
resistor, Rd, to AGND2. | | | 


Read gate: selects the PLL reference input and initiates the PLL | 
synchronization sequence. A high level selects the RD+/— inputs. A | 
low level selects the crystal reference oscillator, Pin RG has an | 
internal resistor pull-up. 


Window Symmetry Latch: used to latch the input window symmetry | 
control bits WSD, WSO, WS‘1 into the internal DAC. An active high 
level latches the input bits. ‘ 













* Note: not available in 52-pin package. 
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PIN DESCRIPTION (Continued) 


TYPE | DESCRIPTION —— | 


_ Write Gate: enables the write mode. Pin WG has an internal resistor 























pull-up. | 
Sync Detect Output: an active low output that indicates successful 


detection of the 3T preamble syncfield. The SDO pinis nota TTL level 
signal. . 








Write Data Input. Active High 


Precomp Set: used to set the magnitude of the write pre-compensa- 
tion time shift via an external capacitor, Cp to VPA2 and an external 
resistor, Rp to AGND2 ) 


Early pin: shifts Write Data pulses earlier in their relative position; 
EARLY and LATE cannot be active simultaneously. ! 








Late Pin: shifts Write Data pulses later in their relative position LATE 
and EARLY cannot be active simultaneously. 


DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this open emitter output signal indicates the data bit 
position. The positive edges ofthe DRD andthe VCO REF signals can 
be used to estimate window centering. The time jitter of DRD's 
positive edge is anindication of media bit shift. Two external resistors 
are required to perform this test. They should be removed during 
normal operation for reduced power dissipation. 








DRD 
*See note 












VCO CLK 
*See note 


VCO CLK: An open emitter ECL output test point. Two external 
resistors are required to perform this test. They should be removed 
during normal operation for reduced power dissipation. 





“Note: Not available on 52-pin package 


ELECTRICAL SPECIFICATION | 
Recommended conditions apply unless otherwise specified. 


ABSOLUTE MAXIMUM RATINGS | 
Operation outside these rating limits may cause permanent damage to this device. 


PARAMETER — | RATING | 


5V Supply Voltage, VPA1, VPA2, VPD 
Pin Voltage (Analog pins) 
Pin Voltage (All others) 






-0.3 to VPA1,2+0.3 - 


-0.3 to VPD + 0.3 
or+12 mA 


Storage Temperature | ‘65 to 150 
Lead Temperature (Soldering 10 sec.) | 260 


2-124 





Write Data: encoded write data output, active low — , 





0789 


0789 


SSI 32P548 
Pulse Detector & 
Data Synchronizer 





ELECTRICAL CHARACTERISTICS 


RECOMMENDED OPERATING CONDITIONS 
Currents flowing into the chip are positive. 


PARAMETER CONDITIONS | MIN. | NOM | MAX — UNIT 


POWER SUPPLY 


PARAMETER CONDITIONS 


IVPA1, 2 Supply Current | Outputs unloaded; PDWN1 
PD PDWN2 = high or open 






Ta = 25°C, outputs unloaded 
PDWN1 = low, 





LOGIC SIGNALS 


VIL Input Low Voltage 


HL Input Low Current VIL = 0.4V 


IH Input High Current VIH 


VOL Output Low Voltage IOL = 4.0 mA 
VOH Output High Voltage 





“Output load is a 4K resistor to 5V and a 10 pF capacitor to DGND. 
MODE CONTROL 















Enable to/from PDWN1, PDWN2 
Transition Time 


Setting time of external 
capacitors not included, 






pin high to/from low 


Read to Write Transition Time | WG pin low to high re 
Write to Read WG pin high to low 0.5 
Transition Time AGC setting not included 
HOLD On to/from HOLD Off HOLD pin high to/from low 
Transition Time 


- 
I 
a 
fo 
ood 
, tod 
2.7V ral 
7 ee 
ae 
_ 
ar 
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READ MODE WG is low 


AGC AMPLIFIER 

Unless otherwise specified, recommended operating conditions apply. Input signals are AC coupled to IN+. 
OUT are loaded differentially with >340Q x 2, and each side is loaded with < 10 pF to AGND, and AC coupled 
to DIN+t. A 2000 pF capacitor is connected between BYP and AGND. AGC pinis open. | 


PARAMETER 7 CONDITION | 
Gain Range | 1.0 Vp-p < (OUT+) - (OUT-) 4 
< 3.0 Vp-p | 





Maximum Output Setby BYP pin | : 3.0 | ~ Jo Vp-p > 
Voltage Swing | a 
Differential Input Resistance (IN+) - (IN-) = 100 mVp-p 5.0 KO 
| @ 2.5 MHz | 
Differential Input Capacitance (IN+) - (IN-) = 100 mVp-p | | : 
: ; | @ 2.5 MHz 


Impedance | WG = high 
Input Noise Voltage Gain set to maximum 


Bandwidth _ | -3 dB bandwidth at 
7 maximum gain 


OUT+ & OUT- Pin Current No DC path to AGND 


CMRR (Input Referred) (IN+) = (IN-) = 100 mVp-p | 
| | | @ 5 MHz, gain set to max 
PSRR (Input Referred | VPA1, 2 = 100 mVp-p > 
: . @ 5 MHz, gain set to max 
(DIN+) - (DIN-) Input eee 25 mVp-p < (IN+) - (IN-) 
Swing vs. AGC Input < 250mVp-p, HOLD = high, 
0.5 Vp-p < (DIN+) - (DIN-) 
| < 1.5 Vp-p 
(DIN+) - (DIN-) Input Voltage 25 mVp-p < (IN-+) - (IN-) 
Swing Variation < 250mVp-p. 


AGC Voltage - AGC open | oe 
| Slow AGC Discharge Current (DIN+) - (DIN-) = OV © 


Fast AGC Discharge Current Starts at 0.9 us after WG 
| goes low, stops at 1.8 us 
after WG T 


| AGC Leakage Current _HOLD = low 


Slow AGC Charge Current _ (DIN+) - (DIN-) = 0.8 VDC, 
vary AGC until slow charge 
begins 
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AGC AMPLIFIER (Continued) 

PARAMETER CONDITION 

Fast AGC Charge Current (DIN+) - (DIN-) = 0.8 VDC, -1.3 -1.7 mA 
Vaac = 3.0V 

Fast to Slow Attack [(DIN + ) — (DIN — )] 125 % 

Switchover Point [(DIN+ )— (DIN— )] FINAL 


Gain Decay Time (Td) | (IN+) - (IN-) = 250 mVp-p to 
! 125mVp-p @ 2.5 Mrz, 

(OUT+) - (OUT-) to 90% final 

value 


(IN+) - (IN-) = 50 mVpp to 
25 mVpp at 2.5 MHz 
(OUT+) - (OUT-) to 90% 
final value 
WG = high to low 
(IN+) - (IN-) = 250 mVp-p 

@ 2.5 MHz, (OUT+) - (OUT-) 
to 110% final value 
































Gain Attack Time 







WRITE MODE WG is high 





PARAMETER CONDITION 
Common Mode Input 
Impedance 


HYSTERESIS COMPARATOR 
Unless otherwise specified, recommended operating conditions apply. Input (DIN+) - (DIN-) is an AC coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 0.9 VDC is applied to the HYS pin. WG pin is high. 


Input Signal Range 


Differential Input Resistance 
Differential Input Capacitance (DIN+) - (DIN-) = 100 mVp-p 
; @ 2.5MHz 
Common Mode Input 2 2.5 3.5 KO 
Impedance (Both Sides) 
Level Pin Output Voltage 0.6 Vp-p < (DIN+) - (DIN-) 


vs. (DIN+) - (DIN-) < 1.5 Vp-p, 10K between 
LEVEL and AGND 


Level Pin Output Impedance LEVEL = 0.2 mA Pd 250 
Level pin Maximum | . 
Output Current 
Hysteresis Voltage at DIN+/- (0.5V <HYS < 1.5V 
vs. HYS Pin Voltage 
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(DIN+) - (DIN-) = 100 mVp-p 
@ 2.5MHz 

































SSI 32P548 
Pulse Detector & 
Data Synchronizer 





HYSTERESIS COMPARATOR (Continued) 


PARAMETER _ | CONDITIONS 










HYS Pin Current 0.5 V <HYS < 1.5V 00) 
Comparator Offset Voltage HYS pin at AGND = 


< 1.5 KQ across DIN +/- 


DOUT Pin Output Low Voltage 5KQ from DOUT to GND 


DOUT Pin Output High Voltage 5KQ from DOUT to GND VPD-0.7 





ACTIVE DIFFERENTIATOR 
Unless otherwise specified, recommended operating conditions apply. Input (CIN+) - (CIN-) is an AC-coupled, 
1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ to DIF-. 





I+ 

oO Nh 

NJ oO 
E 


< 
U 3 
: 

; cS. 
O1 
: 


Input Signal Range 











Differential Input Resistance © (CIN+) - (CIN-) = 100 mVp-p 


@ 2.5 MHz 


(CIN+) - (CIN-) = 100 mVp-p 
@ 2.5 MHz | 


{| Both sides 2.5 


(DIF+ to DIF-) = 2KQ | 


Differentiator impedance 
must be set so as to not clip 
the signal for this current 
level 


Comparator Offset Voltage DIF+, DIF- are AC-coupled 


COUT Pin Output Low Voltage | 5KQ from COUT to GND 
COUT Pin Output High Voltage 5KQ. from COUT to GND 
COUT pin Output Pulse Width 


Differential Input Capacitance 








Common Mode Input Impedance 


Voltage Gain From 
CIN+/- to DIF+/- 


DIF+ to DIF- PIn Current 
























Fast Discharge Switch QuS 


= 
| 25% 
(DIN+ — Lt 


\ ; | , _ Fast , Slow | 
Fast Slow Discharge Discharge 
Charge Charge 

Figure A: AGC Attack Sequence Figure B: AGC Decay Sequence 


Figure 7: AGC Timing Diagram 
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QUALIFIER TIMING (See Figure 8) 


Unless otherwise specified, recommended operating conditions apply. Inputs (CIN+) - (CIN-) and (DIN+) - 
(DIN-) are in-place as a coupled, 1.0 Vp-p, 2.5 MHz sine wave. 100Q in series with 65 pF are tied from DIF+ 
to DIF-. 0.9V is applied to the HYS pin. COUT, DOUT and RD has a 5KQ pull-down resistor (for test purposes 
only.) WG pin is high. 


PARAMETER CONDITIONS | 


D Flip-Flop Set Up Minimum allowable time 

Time delay from (DIN+) - (DIN-) 
exceeding hysterisis 
point to (DIF+) - (DIF-) 
hitting a peak value. 


Td3 Propagation Delay 
[Td3-Td4 | Pulse Pairing 





+HYSTERESIS LEVEL 
V(CIN+) — (CIN-) 
and OV 
V(DIN+) — (DIN-) 


—-HYSTERESIS LEVEL 


VDOUT 


—>| Tat e— 


V (DIN+ — DIN-) 


DIFFERENTIATOR 
COMPARATOR OUTPUT 


VCOUT 


RD TEST PT 
OUTPUT 





Figure 8: Read Mode Digital Section Timing Diagram 
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SERVO SECTION (Unless otherwise specified, recommended operating conditions apply.) 


PARAMETER 


CON DITIONS 


ee 


-BURSTA/B Pin Output 
Voltage vs (DIN+) - (DIN-) — 


LATCHA/B = Low 


Veurstap - VREF 


_|_(DIN+) - (DIN-) 


BURSTA/B Output Offset 
Voltage, VBuRsT - VREF 


-BURSTA - BURSTB Output 
Offset Match 


HOLDA/B Leakage Current 


LATCHA/B = Low, 


(DIN+) = (DIN-)., 


LATCHA/B = low 
(DIN+) = (DIN-) 


VBURSTA - VBURSTB +VREF 


~ (DIN+) = (DIN-), 


LATCHA HA/B =Low 


RST = AST ~ high, 
LATCHA/B = high 


Load Resistance, | Resistors to VREF . 10 
. BURSTA/B, PES 


_ Load Capacitance, 
BURSTA/B, PES 


_LATCHASB pin set up time 
_LATCHAVSB pin Hold Time 


Channel A/B Discharge 
Current Turn On time 


Channel A/B Discharge 
Current Turn Off time 





WRITE MODE (See figure 9) 


TSWD. Write Data Input Setup 
Time 


THWD, Write Data Input Hold 
Time 


TSP, Early*/Late* Input Setup 
Time 





RST high — low 


T low — high 


CTORG/2). -42 | (TORC/2)+12 
-TBD -TBD 
-12 +12 


Either at of WDI to 
either edge of RRC — 


Either edge of WDI 


to either edge of RRC 


Either edge of Early*/Late* 


to either edge of RRC 
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WRITE MODE (continued) 


THP, Early*/Late* Input Hold Either edge of Early*/Late* 
Time to either edge of RRC 








TPC, Precompensation Time 
Shift Magnitude Accuracy 








TDC Delay from RRC to WDI 10Mbit/s 
(Controller delay) 15Mbit/s 

SYNCHRONIZER SECTION 

READ MODE 


PARAMETER 





| TSRD, Read Data Pulse Width 
TFSRD, Read Data Fall Time 


TPSRD, SRD Output 
Setup/HoldTime 


1/4 Cell + Retriggerable TD = TBD (RR +1.2) 

One-Shot Delay* + 0.14 Rd es +Cs)** 
RR = KQ, Rd = KQ 
Cd = 68 pF to 100 pF 


1/4 Cell + Retriggerable 4.5V <VPD <5.5V 
One-Shot Detect Stability 








“Excludes External Capacitor and Resistor Tolerances. ** Cs = Stray papas: 


WINDOW SYMMETRY CONTROL CHARACTERISTICS 


PARAMETER CONDITIONS 


TWSS, WSO, WS1, WSD 
Set Up Time 

TWHS, WSO, WS1, WSD 
Hold Time | 


DATA SYNCHRONIZATION | 


PARAMETER | CONDITIONS | 


TVCO VCO Center Frequency VCO IN = 2.7V 
Period TO = TBD 











VPA2 = 5.0V 











VCO Frequency 1.0V < VCO IN < VPA2-0.6V 
Dynamic Range VPA2 = 5.0V 
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DATA SYNCHRONIZATION (continued) 
PARAMETER CONDITIONS "7 MIN] ax | ONT 
KVCO VCO Control Gain wo = 2n/TO | 0.14@0 0.20wo rad 
1.0V < VCO IN < VPA2-0.6V sec-V 
KD Phase Detector Gain KD = TBD | 0.83KD 1.17KD 
VPA2 = 5.0V, Input | i 
KVCO x KD Product +28 
Accuracy | 
| + (0. | 
ye 


VCO Phase Restart Error | Referred to RRC +0.5 







rad 
ns 






Decode Window 0.01 
Centering Accuracy 7 TORC +2 





TS1 Decode Window Time TS1 = 0.015 TORC 0.85 TS1 1.15 TS1 
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FIGURE 9: Write Mode Timing 
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FIGURE 11: Window Symmetry Control Timing 
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DESCRIPTION 


The SSI 32P4620 combines pulse detection and data 
synchronization electronics into a single high-perform- 
ance bipolar integrated circuit. It provides advanced 
features like programmable data rate, and write pre- 
compensation control. Data synchronization is per- 
formed with a fully integrated high-performance PLL. 
The VCO frequency setting elements are incorporated 
into the 32P4620 for enhanced performance and re- 


duced board space. Programmable channel filtering — 


supports both constant density recording and pulse 
slimming applications. These features are programmed 
by two external DACs such as those provided by the 
32D4660. Data rate is programmed by a single exter- 
nal resistor or a DAC in constant-density recording 
applications. The 32P4620 only requires a +5V power 
supply and is available in a variety of packages. 


FEATURES 


¢ High performance pulse detector 
- Wide bandwidth AGC 
- Dual Rate charge pump 
- Amplitude pulse qualification 

¢ High performance data synchronizer 
- Fastaquisition PLL, using zero phase restart 
- Programmable write precompensation 
- 1,7 ENDEC 

¢ Supports Constant-Density Recording 
applications 
- Programmable data rate 
- Programmable channel filtering 


¢ Variable width pulse slimming 
¢ Servo burst output available 


¢ Supports external read channel margin testing 


¢ Differential (TTL option) high speed digital data 
paths and TTL compatible mode control inter- 
face 


¢ Low power, +5 Volt only operation 
° Available in 68 and 100 pin packages 
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CIRCUIT DESCRIPTION 


The circuit is intended to be used as a read pulse 
detector and data/clock recovery circuit for 1, 7 RLL 
code in hard disk drive systems with a +5V supply. A 
Circuit block diagram is shown in Figure 5. 


MODE CONTROL 


The circuit mode is controlled by the CHIP_EN, 
SERVO_EN, WG, RG, HOLD, AND SHORT pins. 
Additionally, the chip can be configured through the 
PULSE DETECTOR MODE CONTROL register and 
the DATA/CLOCK RECOVERY MODE CONTROL 
register, both of which are loaded through the serial 
digital interface. 


When reading or writing data the CHIP_EN pin should 
be high or open circuited. When the CHIP_EN pin is 
pulled low and the SERVO_EN pin is pulled high the 
chip data/clock recovery section is disabled. This mode 
is intended for monitoring servo data in a low power 
mode when data is not being read or written. Whenthe 
CHIP_EN andSERVO_EN pins are pulled lowthe chip 
goes into a low power state. Recovering from the low 
power state can be slow due to the necessity of 
charging external capacitors. 


The input AGC amplifier, pulse detector and write 
driver sections of the circuit are controlled by the WG 
pin and are placed in the read mode when the WG pin 
is low and in write mode when the WG pin is high or 
open. The write driver is active during write and inactive 
during read. 


The RG pin controls what signal the data/clock recov- 
ery PLL locks to. When RG is high the PLL locks to the 
signal fromthe pulse detector input. Normally this is the 
signal from the pulse detector but the signal can be 
externally supplied from the RD pin for testing by 
setting the appropriate control register bit. When RG is 
low the PLL locks to an external reference supplied at 
the FREF pin. 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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CIRCUIT DESCRIPTION (Continued) 
AUTOMATIC GAIN CONTROL CIRCUIT 


An amplified head output signal, such as the output of 
the SSI 32R117, 501, 510 or 32R4610 read/write 
Circuits, is AC coupled to the IN1+ and IN1— inputs. 
When WG is high or when SHORT is high the pulse 
detect digital circuitry is disabled and the input imped- 
ance of the input AGC stage is reduced to allow more 
rapid settling of the input coupling capacitors from the 
read/write circuit upon transition to the read mode. 
Transition timing to read is controlled to allow settling 
of the coupling capacitors between the read/write cir- 
cuit and the 32P4620 before the AGC circuitry is 
activated when going to the read mode. Coupling 
capacitors should be chosen with as low a value as 
possible consistent with adequate bandwicth to allow 
more rapid settling. Also, when SHORT is high the 
AGC circuit enters the read mode in a maximum gain 
state and can rapidly attack to the desired level. 


The HOLD pin controls the input AGC stage automatic 
gain circuit. When CHIP_EN or SERVO_EN is high, 
and HOLD is high and WG and SHORT are low the 
input AGC amplifier is controlled to keep a constant 
read data peak level. Whenthe HOLD pin is pulled low 





_ the gain of the analog circuit is held at the level 





determined when the HOLD pin was high (the gain will 
slowly drift due to leakage). 


Inthe read mode the level at the input to the DIN+, DIN-. 


pins is controlled by full wave rectifying the level at 
these pins and comparing it to a reference level sup- 
plied at the AGC pin. When the input level at the DIN+, 
DIN- input is greater than about 125% the desired level 
as set by the AGC pin the circuit is in a fast attack mode 
and will supply about 1.7 mA of discharge current at the 
GAIN pin. When the circuit is not in fast attack and the 
input levelis above 100% of the desired level the circuit 
enters a slower attack mode and will supply about 
0.18mA of discharge current. This allows the AGC 


amplifier to rapidly recover when going from write to 


read but reduces zero crossing distortion once the 


AGC amplifier is in range. There is an on-chip fixed — 


slow decay current source. When the slow attack 
threshold has not been reached for a specified amount 
of time the circuit assumes the signal is too low and 
goes into a fast decay mode. The fast attack and fast 
decay modes can be disabled with the fast attack/ 
decay control bit in the PULSE DETECTOR MODE 
CONTROL register. 


~: voltage level is: _ 


The AGC pin is internally biased so that the target 
differential voltage input at the DIN+/— pins is 1.0 Vp-p 
at nominal conditions. The AGC voltage can be modi- 
fied by tying a resistor between AGC and ground or 
VPA. A resistor to ground decreases the voltage level 
while a resistor to VPA increases it. The resultant AGC 


Rint 
Rint Rext 


Rext 












(5—V) Rint 


VaGc= * 
Rint + Rext 





VRx 
vee ~ Rint + Rext 
where: : 

V=Voltage at AGC with pin open(TBD, nom.) 
Rint = AGC pin input impedance (6.7 KQ, typ.) 
Rx = External resistor 


The new DIN+/— input target level is nominally 0.48 Vp- 


— p/Vacc. 


Gain of the AGC amplifier is nominally: 
Av =Gainof the AGC stage 
= K1 x exp[K2 x V(GAIN)] 
where: 
Av = Gain of AGC stage 
V(GAIN) = Voltage on the gain pin 


READ MODE DIGITIZING SECTION 


In the data path the signal is sent to a hysteresis 
-comparator. The comparator hysteresis level can be 


set at a fixed level or, with the addition of an external 
filter network, can be set as a fraction of the signal level 
as shown in the circuit block diagram. The latter ap- 
proach allows setting the AGC circuit decay and slow 
attack times slow enough to minimize distortion of the 
signal going into the clocking path and setting a shorter 
time constant for the hysteresis level. Thus when 
switching to a head with a different output level orwhen 
switching from write to read the circuit is properly 
decoding data before the AGC circuit gain has settled 
to its final steady state level. In addition, the hysteresis 
threshold level can be set fromthe serial data port. The 
output of the hysteresis comparator is sent to the “D” 
input of a D flip-flop. The DOUT pin provides the TTL 
compatible comparator output digital signal for testing 
purposes and, if required, for use in the servo circuit. 
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Inthe clocking path the signal is sent to a differentiator 
circuit whose characteristics are set by external com- 
ponents. The output of the differentiator circuit is sent 
to an edge trigger circuit which creates an output pulse 
on every zero crossing of the output of the differentia- 
tor. The output of the edge trigger is the clock input of 
the D flip flop. The COUT pin provides the edge trigger 
output signal for testing purposes. 


During normal system operation the differentiator cir- 
cuit clocks the D flip-flop on every positive and negative 
peak of the signal input to DIN+,DIN-. The data path D 
input to the flip-flop only changes state when the signal 
applied to the DIN+, DIN- inputs exceeds the hyster- 
esis comparator threshold in a polarity opposite the 
polarity of the peak which last exceeded the threshold. 
Therefore, the clocking path determines signal timing 
and the data path blocks spurious peaks if they do not 
exceed the hysteresis comparator threshold. Figure 8 
shows circuit operation of the digital section. The two 
digital signal path delays between the DIN+, DIN- 
inputs to the flip-flop CK input and the DIN+, DIN- 
inputs to flip-flop D input are well matched. 


SERVO BURST CAPTURE SECTION 


The circuit provides a full wave rectified output of the 
signal appearing at the DIN+/- inputs at the SER_OUT 
pin and a servo reference level at the SER_REF pin for 
use in embedded servo recovery. | 


DATA/CLOCK RECOVERY CIRCUIT 


The circuit is designed to perform data recovery and 
data encoding in rotating memory systems which util- 
ize a 1,7 RLL encoding format. In the read mode the 
circuit performs data synchronization, sync field search 
and detect, address mark detect, and data decoding. 
Inthe write mode, the circuit converts NRZ datainto the 
1,7 RLL format described in Table 3, performs write 
precompensation, generates the preamble field and 
inserts address marks as requested. The interface 
electronics and architecture of the circuit have been 
optimized for use as a companion device to the SSI 
320452, SSI 32C4640 or AIC 010 controllers. 


The data rate is established by a single 1% external 
resistor, RR, connected fromthe IREF pinto VPA. This 
resistor establishes a reference current which sets the 
VCO center frequency, the phase detector gain, and 
the 1/3 celldelay. The value of this resistor is given by: 
RR= (TBD/DR) - TBD KQ | 
where: DR = data rate in Mbit/s 
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In aconstant density recording application the IREF pin 
can be driven by a DAC such as contained in the SSI 
32D4660. The circuit employs a dual mode phase 
detector; harmonic in the read mode and non-har- 
monic inthe write and idle modes. Inthe read mode the 
harmonic phase detector updates the PLL with each 
occurrence of aDRD pulse. In the write and idle modes 
the non-harmonic phase detector is continuously 
enabled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
input reference frequency and utilizing a zero phase 
restart technique, false lock to DRD is eliminated. 





The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. The READ 
GATE (RG) and WRITE GATE (WG) inputs control the 
mode of the data/clock recovery section of the chip. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output write data pulse. NRZ write data input 
to encoded write data output latency is 5 NRZ clock 
periods. 


READ OPERATION 


The data synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a high 
level (read mode) selects the RD (internal) input and a 
low level selects the external reference clock. 


Inthe read mode the falling edge of DRD enables the 
phase detector while the rising edge is phase com- 
pared to the rising edge of VCO/2. As depicted in 
Figure 9, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. A 
decode window is developed from the VCO/2 clock. 


In the non-read modes, the PLL is locked to the 
external reference clock. When the reference input to 
the PLL is switched, the VCO is stopped momentarily, 
then restarted in an accurate phase alignment with the 
next PLL reference input pulse, and the VCO clock 
divider is reset. 
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SOFT SECTOR OPERATION 
Refer to Figure 1. 


ADDRESS MARK DETECT 


In soft sector read operation the circuit must first detect 
an address mark to be able to initiate the rest of the read 
lock sequence. An address mark consists of two sets 
each of seven “0” patterns followed by two sets each of 
_ eleven “0” patterns. To begin the read lock sequence 

the read gate (RG) is asserted high by the controller. 
The address mark detect (AMD) circuit then initiates a 
search of the read data (RD) for an address mark. First 
the address mark detect circuit looks for a set of 6 “O’s” 
within the 7 “O’s” patterns. Having detected a 6 “0’s” 
pattern the AMD then looks for a 9 “0’s” set within the 
11 “O’s” patterns. If AMD does not detect 9 “0’s” within 
5 RD bits after detecting a 6 “O’s” pattern it will restart 
the address mark detect sequence and look for 6 “0’s.” 
When the AMD has acquired a 6 “0’s,”9 “0’s” Sequence 
the AMD output transitions low. 


PREAMBLE SEARCH 


After the address mark (AM) has been dciecied: an 
internal counter counts negative transitions of the 
incoming read data (RD) looking for 3 consecutive “3T” 
preambles. Once the counter reaches count 3 (i.e. 
finds 3 consecutive “3T” preambles) the internal read 
gate enables, switching the phase detector from the 
external reference clock to the delayed read data input 
(DRD); atthe same time a zero phase restart (internal) 
signal restarts the VCO in phase with the read refer- 
ence clock. This prepares the VCO to be synchronized 
to data when the bit sync circuitry is enabled after VCO 
lock is established. 


7 "0", 7 "0", i 1 "0", 1 1 “O" 


ia . 19 "3T" a’ 


VCO LOCK AND BIT. SYNC ENABLE 


When the internal counter counts sixteen more “3T” or 
a total of 19 negative transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches from the external refer- 
ence clock to VCO clock signal which is phase locked 
to DRD. The VCO is assumed locked at this point. A 
maximum of 2 RRC time periods may occur for the 
RRC transition, however no short duration glitches will 
occur. After the bit sync circuitry sets the proper 
decode window (VCO in sync with RRC and RRC in 
sync with the data) NRZ is enabled and data is toggled 
in to be decoded for the duration of the read gate. 


HARD SECTOR OPERATION 

Refer to Figure 2. In hard sector operation AMD re- 
mains inactive. A hard sector read operation does not 
require an address mark but starts with a preamble 
search as with soft sector and sequences identically. In 
all respects, with the exception of the address mark se- 
quence, hard sector read operation is identical to soft 
sector. , 


WRITE MODE 


Inthe write mode the circuit converts NRZ data fromthe 
controller into 1,7 RLL formatted data for storage onthe 
disk. The circuit can operate with a hard or soft sector 
hard drive. 


In soft sector operation the circuit generates a 7"0’s,” 
7"0’s,” 11"0’s,” 11"0’s” address mark and a preamble 
(“3T’s) pattern. In hard sector operation the circuit 
generates a “3T” preamn'e pattern but no preceeding 
address mark. 


ADDRESS | 3x} VCO BIT 
[car | MARK LOCK SYNC O/ECC 
| RG ENABLE 


FIGURE 1: Disk Operation Lock Sequence in Read Mode Soft Sector Operation 
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Serial NRZ data is clocked into the circuit and latched 
on defined cell boundaries. The NRZ input data must 
be synchronous with the rising edges of the RRC. 


Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol 
interference. The circuit recognizes specific write data 
patterns and can add or subtract delays in the time 
position of write data bits to counteract the read back 
shift. The magnitude of the time shift, TPC, is deter- 
mined by an external RC network onthe PCS pin given 
by: 
TPC =(TBD) (Rps) (Cps + Cs), 
and as programmed through the serial data port. 


The circuit performs write precompensation according 
to the algorithm outlined in Table 3. 


SOFT SECTOR 


In soft sector operation, when read gate (RG) transi- 
tions low, VCO source and RRC source switch from RD 


| 19 "3T" | 
3X VCO BIT ENCODED __ 
LOCK SYNC ili DATA 


| RG ENABLE 
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and VCO/3, respectively, to the external reference 
clock. At the same time the VCO (internal) lock goes 
inactive but the VCO is locked to the external reference 
clock. After a delay of 1 NRZ time period (min) from RG 
low, the write gate (WG) can be enabled while NRZ is 
maintained (NRZ write data) low. The address mark 
enable (WAM) is made active (high) a minimum of 1 
NRZ time period(s) later. The address mark (consist- 
ing of 7"0’s,”7"0’s,"11"0’s,"11"0’s”) and the preamble is 
then written to WD. NRZ goes active at this point and 
after a delay of 5 NRZ time periods begins to toggle out 
WD encoded data. Finally, atthe end of the write cycle, 
5 NRZ of blank encoded time passes to insure the 
encoder is flushed of data; WG then goes low. 


HARD SECTOR 


In hard sector operation, when read gate (RG) transi- 
tions low, VCO source and RRC switch references and 
VCO lock (internal) goes inactive as with soft sector 
and the WAM (address mark enable) is tri-stated. The 
circuit then sequences from RG disable to WG enable 
and NRZ active as in soft sector operation. 








FIGURE 2: Disk Operation Lock Sequence in Read Mode Hard Sector Operation 
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normal time position towards the bit n+1 
time position. | 

EARLY: Bit nis time shifted (advanced) from its 

normal time position towards the bit n-1 

time position. oo 3 














Shih 


OK |< | K | K LK LX 


a 





*» 
* 






D3 D4 





X = Don't care 
* = Not all zeros 






TABLE 2: Clock Frequency | 


|wG | RG | vcOREF | RRC | DECCLK | ENCCLK | MODE | 
| o | o | Frere | Frere | Frere | FREF/2 
po | 1| Ao | voos FREFI2 
| 1 | 0 | Frere | FReFis FREF/2 

EXT. RD 


Note 1. Until the VCO locks to the new source, the VCO/2 entries will 
be XTAL/2. 


Until the VCO locks to the new source, the VCO/3 entries will 
be XTAL/3. 


3. WG=1 and RG=1 implement a test mode where RD is supplied 
externally at the RD pad. | 
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PIN DESCRIPTIONS 


POWER SUPPLY 


TYPE DESCRIPTION 
5 volt analog power supply pins 


5 volt digital power supply pins 











VPA1, VPA2, VPA3 
VPD1, VPD2 


AGND1, AGND2, 
AGND3 
| DGND1, DGND2 


CHIP MODE CONTROL 





Analog ground pins 










Digital ground pins 























CHIP ENABLE: TTL compatible input which enables the chip 
during normal drive operation 


CHIP_EN 
SERVO_EN SERVO ENABLE: TTL compatible input which enables only the 
portions of the chip needed to read the servo burst. 


ae WRITE GATE: TTL compatible read/write control pin 
SDATA ae SERIAL DA’ DATA: Serial data input 




















SCLK SERIAL CLOCK: Serial data clock 
DATA_EN DATA ENABLE: Serial data enable pin 


aa READ/WRITE: TTL compatible output pin which is the negative of 


WG and which is intended to drive the R/W input of the read write 
AGC GAIN STAGE 


chip 
IN1+, IN1- 
OUT1+, OUT1- | 


HP2+, HP2-, 
LP2+, LP2- 


HP3+, HP3-, 
LP3+, LP3- 
IN4+, IN4- 


OUT4+, OUT4- 

























INPUT1+/-: AGC amplifier signal input pins 









OUTPUT1+/-: AGC amplifier signal output pins 


HIGH/LOW PASS INPUTS: Inputs into a summer with variable gain 
coefficients from external high pass and low pass filters. This con- 
figuration is intended to implement a pair of real axis variable zeros. 


HIGH/LOW OUTPUTS: Variable gain outputs to an external filter. 
This configuration is intended to implement a pair of imaginary axis 
variable zeros. 



























INPUT4+/-: Fixed gain amplifier signal input pins 












OUTPUT4+/-: Fixed gain amplifier signal output pins 
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AGC GAIN STAGE (Continued) 


/NAME =—s|s—s TYPE DESCRIPTION - 


MULTIPLIER 1 & 2: Pins whose DC levels control the gain ratios 
of the 2 multiplier stages setting equalizer & bandwidth response. 











HOLD: TTL compatible control pin which, when pulled low, holds 
the input AGC amplifier gain. 





SHORT: TTL compatible control pin which, when pulled high shorts 
the AGC input pins. 


AUTOMATIC GAIN CONTROL REFERENCE: Reference input 
voltage level for the AGC circuit. 


GAIN CONTROL VOLTAGE: The AGC timing capacitor is tied be- 
tween this pin and AGND. Also gain of the AGC amplifier can be 
controlled by a DC voltage on this pin. 


REFERENCE VOLTAGE: A reference voltage for the external 
| D/A which supplies MULT_1 and MULT_2. 


DATA IN+/-: Signal input pins to the hysteresis level detect com- 
parator. 


HYSTERESIS: Hysteresis level setting input to the hysteresis level 
detect comparator. 































LEVEL: Provides rectified level setting level for input into the 
hysteresis circuit. 





DATA OUT+/-: D input into D flip-flop provided as output for testing 
or servo use. 





Differential Version: Differential Outputs 
TTL Version: DOUT only TTL output, DOUT not provided 











CLOCK INPUT+/-: Differential signal input pins to the clocking 
channel. 


CLOCK OUTPUT: Clock input into D flip-flop provided for testing 


READ DATA: Bidirectional test pin which provides ECL like read 
output from the pulse detector section when WG is low and allows 
a TTL compatible external read data pattern to be sent to the data/ 
clock recovery when WG is high. 
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SERVO OUTPUT 


SERV_OUT |_| SERVO OUTPUT: Servo output signal 
SERV_REF an SERVO REFERENCE: Servo reference level 

















DATA/CLOCK RECOVERY SECTION 






READ GATE: Selects the PLL reference input and initiates the PLL 
synchronization sequence. A high level selects the RD input and en- 
ables the read mode/address detect sequences. Alow level selects 
the FREF input. 


REFERENCE FREQUENCY: The input can be driven by a direct 
coupled signal or an AC coupled ECL signal. For minimizing pulse 
jitter during read, FREF should be stopped by gating it externally 
with VCOE. 


NRZ DATA PORT 1: 


TTL Version: When in read mode NRZ1 is a single ended TTL out- 
put for NRZ read data. When in write or idle mode NRZ1 is tristated. 


Differential Version: Whenin read mode NRZ1 is the NRZ read data 
output (forms differential output with NRZ2). When in write or idle 
modes NRZ1 is tri stated. 


NRZ DATA PORT 2: 
TTL Version: NRZ2 is a single ended TTL input for NRZ write data. 


Differential Version: Whenin read mode NRZ2 is the NRZ read data 
complementary output (forms differential output with NRZ1). When 
in write mode NRZ2 is a single ended TTL input for NRZ write data. 
When in idle mode NR2Z is tri stated. 


WRITE ADDRESS MARK/ADDRESS MARK DETECT: The pinis 
the write address mark input when WG is high. In soft sector mode, 
a one bit wide low level pulse will write a 7"0," 7"0," 11"0," 11"0" 
address mark. The pin is the low level address mark detect output 
when RGis high. Inhard sector mode, the pinis ina high impedance 
state. 


WRITE DATA: Encoded write data output, active low. The datais 
automatically re sychronized to one edge of the FREF input clock. 
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DATA/CLOCK RECOVERY SECTION (Continued) 


RRC/RRC READ/REFERENCE CLOCK: A multiplexed clock source used by 
the controller, see table 2. During a mode change, no glitches are | 
generated and no more than two lost clock pulsed will occur. | 





















Differential Version: RRC and RRC forma differential output. 


TTL Version: RRC is a single ended TTL output: RRC is not 
provided. 


VCOENABLE: Alowlevel selects FREF asthe PLL input and a high 
level selects RD as the PLL input. The switching is done sychro- 
nously so that the VCO is restarted in phase with the PLL input. 


VCOCLOCK: Anopen emitter ECL output test point. Two external 
resistors are required to use this pin. They should be removed 
during normal operation to reduce power dissipation. VCO_CLK 
and DRD can be used with atest chip to window margin test a drive. 
DELAYED READ DATA: An open emitter ECL output test point. 
The positive edges of this signal indicate the data bit position. Two 
external resistors are required to use this pin. They should be } 
removed during normal operation to reduce power dissipation. 











VCO_CLK 





CURRENT REFERENCE INPUT: The VCO center frequency, the 
1/3 cell delay, andthe phase gain are a function of the current 
sourced into this pin. 


LOOP FILTER INPUT: Input for passive PLL filter. 


WRITE PRECOMPENSATION SET: Pin for RC network to pro- 
gram the write precompensation magnitude value. 





ABSOLUTE MAXIMUM RATINGS 


PARAMETER MIN | 
+5V supply voltage - VPA1,VPA2,VPA3,VPD1 ,VPD2 nae 









Storage Temperature 
Package Temp. PLCC, QFP (20 sec reflow solder) 


Pin Voltages: ue 
DOUT, DOUT, RD, WD, NRZ1, NRZ2, WAM/AMD, 
VCOE, RRC, RRC, VCO_CLK, DRD 


All other pins 








VPA/VPD+0.3 
or +12 
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ELECTRICAL SPECIFICATIONS 
(Unless otherwise specified: 4.65 < VPA < 5.25, 4.65 < VPD < 5.25, TBD < Tj < TBD.) 


POWER SUPPLY 


PARAMETER CONDITION 


+5 V (VPA/VPD) Outputs unloaded, 
Supply current CHIP_EN, SERVO_EN=High 


Power Dissipation Outputs unloaded, Tj=145 °C, 
CHIP_EN,SERVO_EN=High 


CHIP_EN=High, 
SERVO_EN=Low 


CHIP_EN,SERVO_EN=Low 








MODE CONTROL 


Power Down Modes 


CHIP_EN | SERVO_EN | MODE | DESCRIPTION - 
The entire chip is enabled. 


ee 
1 Servo Only the parts of the chip necessary to generate the 
SERV_OUT and DOUT/DOUT outputs are active. 

















Pulse Detector Mode Control 
(CHIP_EN or SERVO_EN = 1) 


DESCRIPTION 





Read amp on, AGC active and controlled by data. 












ed Read/Hold | Read amp on, AGC level held at previous active level 
Write (Read amp gain set to zero) AGC level held at previous 
active level, AGC inputs shorted by low impedance. 
1 Reset AGC | (Read amp gain set to zero) GAIN pin set for AGC maxi- 
mum AGC gain, AGC inputs shorted by low impedance 
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Data/Clock Recovery Mode Control 
(CHIP_EN = 1) 


- Data/clock recovery PLL locked to read data, WD is dis- 
abled. | 


Data/clock recovery PLL locked to external FREF reference, 


WD high. | a 


-Data/clock recovery PLL locked to external FREF reference, 
WD active. 








PARAMETER CONDITION | 


Enable <—> Disable Settling time of external 
Transition time 


Capacitors not included 
Read —> Write Transition 
Time 


















WG pin High —>Low » 
AGC settling not included 


SHORT pin Low —> High 






Write —> Read Transition 
Time 









Read —> Short Transition 
_ Time 









| Short -> Read Transition § | SHORT pin High -—> Low 
Time AGC settling not included 


Hold On <—> Hold Off HOLD pin High <—> Low 
Transition time | | 


SERIAL DIGITAL INTERFACE 
(Refer to Figure 3.) 












Register Addresses 


DESTINATION 


Pulse detector mode control 


Data/clock recovery control register 


Reserved 





2-148 





0789 


0789 


SSI 32P4620 
Pulse Detector & 
Data Separator 





SERIAL DIGITAL INTERFACE (Continued) 


Pulse Detector Mode Control Register Bit Definition 


Level fixed at maximum percent of input level 

















BITS 


Level fixed at nominal percent of input level 








Level fixed at minimum percent of input level 


Test Mode 


Normal mode: Read mode can be monitored on RD pin. 





=k, on, 


Test mode; Read data can be sent to the data/clock recovery section by driving the RD pin. 








Data/Clock Recovery Mode Control Register Bit Definition 


DESCRIPTION 
Phase detector enable control bit 


Normal mode 


1 Disables the phase detector and allows the VCO to coast (test mode only) 
Hard/soft sector control bit 


Hard sector 














BITS 








Soft sector activates the 7 “0,” 7 “0,” 11“0,” 11 “O” pattern soft sector address mark circuitry 


Write precompensation magnitude control bits 










Maximum shift 


Second highest shift 


No shift 


—_aA 
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SERIAL DIGITAL INTERFACE (Continued) 


PARAMETER 


THSDAT 





DIGITAL INPUTS AND OUTPUTS 
Two versions of the chip are supported: 


Digital Inputs and Outputs Common to both versions: | 
WG, CHIP_EN, SERVO_EN, DATA_EN, SDATA, RG, FREF, SHORT, HOLD, (These are 
TTL inputs) | | 
VCOE, R/W, WD are TTL outputs 
WAM/AMD is a bidirectional TTL pin | 
RD is a bidirectional pin with TTL input and ECL-like output 





TTL version: 
NRZ2 is a TTL input : 
DOUT, NRZ1, RRC are TTL outputs 
High Speed Differential Digital Output Version: 
DOUT, DOUT, RRC, RRC, NRZ1, NRZ2 are differential outputs; NRZ2 is also bidirectional and 
acts as a TTL input. 3 , | , 7 | , 





TTL COMPATIBLE INPUTS | 


PARAMETER _ CONDITION J 
Input Low Voltage _ (VIL) | 03 p08 | ov 


Input High Voltage (VIH) : 
Input Low Current VIL=0.4V . 
Input High Current VIH=2.4V 













DATA_EN | . | | : 
| TSLAT | | THLAT | 


TSSDAT }¢-— THSDAT 


walk ae Ee Ee Ee LS Ea ER ES: 





FIGURE 3: Serial Data Interface Timing 
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TTL COMPATIBLE OUTPUTS 
Note: Outputs are loaded with a 4 KQ resistor to 5V and 15 pF total capacitance (including stray capaci- 
tance) to GND for rise/fall time measurements. 


CONDITION 
lol= 4.0 mA 
loh = —400 pA 


Voh=2.4V 
Vol=0.4V 





DIFFERENTIAL OUTPUTS 
Outputs are loaded with a 10 KQ resistor and 5 pF total capacitance (including stray capacitance) to GND 
for rise/fall time measurements. | 


[ve0-27 | vPo-25 


Output Low Voltage —0.5 mA <lol<0.5 mA Tj=25°C | VPD-2.7 | VPD-2.5 =a 
Tj=145°C | VPD-2.2 | VPD-2.0 Loe 


V 

V 

Output High Voltage —0.5 mA < loh<0.5mA Tj=25°C V 
.2 V 

ns 

S 

















8 
| Tj=145°C | VPD-1.3 | VPD-1 
Output Rise Time Voh = 90% final a Pt oo | ons 
Output Fall time Vol = 10% final a ae 


ANALOG GAIN SECTION 

The circuit is intended to interface with the filter structure shown in Figure 5. 

The following measurements are made with the following conditions unless otherwise stated: 1. The circuit is 
in the read mode (CHIP_EN or SERVO_EN, and HOLD PINS high, WG and SHORT pins low) 2. The circuit 
is connected as in Figure 5. 








Automatic Gain Control Section 
The AGC circuit maintains the AC voltage level monitored across the DIN+/- pins at a level defined by the 
voltage on the AGC pin. 


PARAMETER CONDITION | 
K1 = 










| MIN | 
‘supe Gen Gouge | 
Sr 
ee 
[—wimamGanange [Ci 
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Automatic Gain Control Section (Continued) 


[PARAMETER [CONDITION | MIN. [NOM | MAX 
|AGCLoopLevelsetings | fT 












DIN+ - DIN- Input Voltage } 20mVpp<V(IN14+—IN1-)<240mVpp| 0.37 
Swing vs. V(AGC) 0.5Vpp<V(DIN+ — DIN-)<1.4Vpp 


DIN+ - DIN- Input 
Voltage Swing When AGC 
Pin is Open 


DIN+ - DIN- Input 20 mVpp < V(IN1+ — IN1-) 
Voltage Swing Variation < 240mVpp 
AGC Pin Voltage V(AGC) = 2.19V, AGC pin open —_ | 


Allowable DIN+ - DIN- 
Input signal range 












20 mVpp < V(IN1+ — IN1-) | 
< 240mVpp 



















AGC Loop Time Constants 

Slow AGC Decay Capacitor | V(DIN+- DIN-)=0.0 
Charge Current 

Fast AGC Decay Capacitor V(DIN+ - DIN- 
Charge Current 


AGC Capacitor Leakage -Read/Hold Mode 
Current — — 


) 
Slow AGC Attack Capacitor V(DIN+ - DIN-)=0.8Vdc 
Discharge Current 





=0.0 
Fast Decay Hold Off Time Slow attack threshold | 0.7 
| not reached 
-0.2 
0.14 — 







Vary V(AGC) until slow charge 
begins. 





Fast AGC Attack Capacitor | V(DIN+ - DIN-)=0.8Vdc 1.3 
Discharge Current V(AGC)= 3.0V 

Fast —> Slow Attack V(DIN+ - DIN-) - 
Switchover Point | _ V(DIN+ - DIN-)Final 


Gain Decay Time (Td) Vin = 240 mVpp —> 120 mVpp 
(see Figure 7) @ 2.5 Mhz, 
Vout to 90% of final value 


WG = high —> low, 
Vin = 240 mV @ 2.5 Mhz 
| Vout to 110% final value 























Gain Attack Time (Ta) 
(see Figure 7) 
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General Amplifier Characteristics 


PARAMETER CONDITION 


| Differential Input Resistance | V(IN1+ - IN1-) = 100 mVpp 
@ 2.5 Mhz 


Differential Input Capacitance | V(IN1+ - IN1-)=100 mVpp 


Common Mode Input SHORT pin = low 
Impedance (both sides) SHORT pin = high 


[InputNoise | Gain set to Maximum 


Differential Output 1 
Resistance OUT1+/- 





























Output Offset Voltage 
Maximum Output Set by GAIN pin voltage 0.56 
Voltage Swing Z(load diff) = 600Q 
OUT1+ to OUT1- No DC path from +1.1 
Pin current | OUT-+/- to GND 
Bandwidth Gain set to maximum, 30 
+3 dB bandwidth 
V(IN1+)=V(IN1-)=100 mVpp, 40 
5 Mhz, Gain set to maximum 
Power Supply Rejection V(VPA/VPD) = 100 mVpp 30 
Ratio (Input Referred) 5 MHz, Gain set to maximum 
Adjustable Real and imaginary Zero Filter Section | 
See applications section for equations governing generation of real/imaginary axis zeros. All the following 


measurements are made with LP3+ tied to HP3+ and to a 180 resistor to VPA and with LP3- tied to HP3- 
and to a 1800 resistor to VPA. 


[PARAMETER | coNomION——SSSCS~wrCU 

[Sage Gansetmes i SSSSS~SC 

a ce 

win ersxveonrawvmen |‘ 
Coa 










Common ModeRejection 
Ratio (Input Referred) 











Minimum M1 Range 






i ) 
M2 M2 = 0.75[V(MULT_2)—0.1]/V(VREF) 


Allowable Load Resistor | 1800 per side to VPA 
Range 
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Adjustable Real and Imaginary Zero Filter Section (Continued) 









| PARAMETER 


Differential Input V(LP2/HP2+ - LP2/HP2-) = 
Resistance 100 mVpp, 2.5 MHz | nas 
(LP2+ - LP2-) or (HP2+ - HP2-) 


V(LP2/HP2+ - LP2/HP2-) = 
100 mVpp, 2.5 MHz | 
(LP2+ - LP2-) or (HP2+ - HP2- 


) 
Common Mode Input (LP2+ - LP2-) or (HP2+ - HP2-) 
Impedance (Both sides) 
Bandwidth | : Gain set to maximum, 
| | +3 dB bandwidth 7 
LP3+, LP3, HP3+,HP3 | With LP24/- and HP34/- shorted, | 2 
pin current | (LP2+ + HP2+) or (LP2- + HP2-) 


Common Mode V(LP2+)=V(LP2-)=100 mVpp,. or 
Rejection Ratio V(HP2+)=V(HP2-)=100 mVpp 
(Input referred) 5 MHz, gain set to maximum 


AV(VPA/VPD)=100 mVpp, 
5 MHz, Gain set to maximum 


| CONDITION 

































Differential Input 
Capacitance 




































Power Supply 
Rejection Ratio 
(Input referred) 


Differential Output | (LP3+ - LP3-) or (HP3+ - HP3-) 10 
| Resistance a fo 


pmutacurent ff 
a at 











- MULT_2Current 


Gain Buffer to Differentiator and Matched Delay Section _ 
_ See applications section for equations development. All of the following measurements are made with a 
500 resistor tied from OUT4+ to OUT4-. : | . 


PARAMETER CONDITION > oF 
Av=25.VN 














V(IN4+ - IN4-) = 100 mVpp, 
2.5 MHz oi 


Differential Input 3 V(IN4+ - IN4-) = 100 mVpp, 
Capacitance 2.5 MHz 3 


Common Mode Input Both sides : 
Impedance. | oe ; o- & & 2 , 
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Gain Buffer to Differentiator and Matched Delay Section 


PARAMETER CONDITION 

Differential Output 10 

Resistance OUT4+/- 

Maximum Output Z(load diff.) = 350 O 1.4 
Voltage Swing 

OUT4+ to OUT4- No DC path from OUT+/- +2.3 
Pin current to GND 


Output Offset 
Voltage 
Bandwidth 


Common Mode Rejection | V(IN4+) = V(IN4-)=100 mVpp, 
Ratio (Input referred) 5 Mhz, Gain set to maximum 


Power Supply Rejection V(VPA/VPD) = 100 mVpp, 
Ratio (Input referred) 5 Mhz, Gain set to maximum 





Voltage Reference Generator Section 


An on-chip reference voltage is generated for use as a reference by the external DACs which supply the 
MULT_1 and MULT_2 voltages. 






PARAMETER CONDITION 
Output Voltage on VREF Pin | 0.4mA <I(VREF) <1.1mA 


READ MODE DIGITIZING SECTION 


All of the measurements in the read digital section are made with the following conditions unless otherwise 

stated: 

1. Inthe read mode, (CHIP_EN high, WG & SHORT pins low) 

2. Theclock and data input (CIN+ - CIN) and (DIN+ - DIN-), receive AC coupled 2.5 Mhz, 1.0 Vpp sine- 
wave input signals with the DIN+/- input leading CIN+/- by 90 degrees. 

3. A1.8V DC voltage is applied to HYS pin. 

4. The RD and DOUT pins are loaded with a 10 KQ resistor and 5 pF total capacitance to GND. 





Hysteresis Comparator Circuit 


CONDITION 


V(DIN+ - DIN-) = 100 mVpp, 10 
2.5 Mhz 
V(DIN+ - DIN-) = 100 mVpp, 
2.5 Mhz 
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Hysteresis Comparator Circuit (Continueq) va 


PARAMETER | ~ | CONDITION 


Common Mode Input Both sides 2.5 
Impedance | 
5 


LEVEL Pin Output 0.6 < V(DIN+ - DIN-)<1.4 Vpp 
10 KQ between LEVEL & GNU 








> 
ves) 
A 
s) 










Voltage vs DIN+ - DIN- 
Input voltage 


LEVEL Pin Output — (LEVEL) = 0.5 mA 
Impedance 
LEVEL Pin Maximum 3.0 
Output Current 

| Comparator Offset HYS pin at GND, <1.5 KQ 
Voltage across DIN+, DIN- 
Hysteresis Trip Voltage 1V <V(HYS) <2V 0.44 


(at DIN+, DIN-) vs. 
HYS pin voltage 





100 





oO 
uo 






























Hysteresis Threshold V(HYS) = some % of +15 % Peak 
Margin as a % of V(AGC)* or V(LEVEL), 
V(DIN+ - DIN-) Peak 1V < V(HYS) < 3V 


See Figures 18 & 19 


IV <ViHYS) <3 20 


“In an open loop configuration where reference is V(AGC) tolerance may be slightly higher 





aa 
o1 


HYS Pin Input Current 








TABLE 1: Frequency Template of Hysteresis Trip Point as Percent of 
Peak Input Voltage Across DIN+/- Pins 








0 to TBD MHz | TBDto TBD% TBDtoTBD% | TBDto TBD% TBD to TBD % 
TBD MHz - TBD to TBD % TBD to TBD % TBD to TBD % TBD to TBD % 





Note 1: Pulse detector mode control register bits D1, 2 set as follows: - 

00 = External hysteresis 

10 = ABout 65% hysteresis 

01 = About 50% hysteresis 

11 = About 35% hysteresis 
Note 2: For external hysteresis, LEVEL/HYS pin network is set up with external component values as 
- _ shown in Figure 5a. | : 
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Clocking Circuit 


PARAMETER 


Differential Input V(CIN+ - CIN-) = 100 mVp-p, 
Resistance 2.5 Mhz 


V(CIN+ - CIN-) = 100 mVp-p, 
2.5 Mhz 


COUT Pin Output 0.0<lol<0.5 mA 
Low Voltage 


COUT Pin Output 0.0<loh<s0.5 mA 
Pulse Voltage 
V(high) - V(low) 


COUT Pin Output 0.0<loh<0.5 mA 
Pulse Width 





Read Mode Digital Section as System 


Required DFF Minimum allowable time delay 
Set up Time, from V(DIN+, DIN ) exceeding 
(Td1 in Figure 8) hysteresis point to V(CIN+,CIN ) 


crossing zero 
Propagation Delay 
Td3 in Figure 8 


Pulse Pairing \Td3-Td4] in Figure 8 


RD Pin Output 0.0<loh<0.5mA 
Pulse Width 


RD Pin Output Low 0.0<lol<0.5mA 
Voltage 


RD Pin Output Pulse 0.0<loh<0.5mA 
Voltage V(high)-V(low) 
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Servo Burst Capture Circuit | 
All of the measurements for the:servo are made with the following conditions unless otherwise Stated. The. 
circuit is connected as shown in Figure 5. 7 | | . _— 


PARAMETER CONDITION | 


SERV_OUT to DIN+ shorted to DIN- | 
( 





SERV_REF Offset 
SERV_OUT Level vs | MSERV_OUT) _ 9.9 Vp 


AGC Pin Voltage V(AGC) 
Servo Frame vs. V(DIN+/-) V(SERV_OUT — SERV_REF) 
| V(DIN+/-) 
= 0.39 Vp/Vpp 


Allowable Load Impedance Equivalent parallel resistance 
SERV_OUT or 
SERV_REF to GND Equivalent parallel capacitance 














CLOCK/DATA RECOVERY SECTION: 
See applications section for loop filter development. 


DC Output levels 


Test Point Output 2620 to VPD,402@ to GND 
High Level (VOHT) VPA = VPD 
| DRD, VCO_CLK, VCO_REF 


Test Point Output 262Q to VPD,402Q to GND 
Low Level (VOLT) VPA = VPD 
DRD, VCO_CLK, VCO_REF | 

~ Read Mode 


PARAMETER 


NRZ (out) Set Up and 
Hold Time (TPNRZ) 


AMD Propagation 
Delay (TPAMD) 





1/3 Cell Delay TD = 4.92(RR + 0.53) 
RR = 2.0 KQ to 7.0 KQ 
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Write Mode 


Write Data Pulse Width C1<15 pF 2TOWC -oTpc-5| 2TOWC 5 
(TWDC) 3 3 


Write Data Fall Time (TFWD) | 2.0V to 0.8V, C1 < 15 pF [ we 
Write Data Clock Rise Time 0.8V to 2.0V, 10 
(TWRC) C1 < 15 pF 
Write Data Clock Fall Time 2.0 to 0.8V 
(TWFC) Ci < 15 pF 

5 

5 


NRZ Set Up Time (TSNRZ) fell 
NRZHoldTime(THNRZ) | ae 
1.2TPC+0.2 


Precompensation Time Shift TPCO = T x A/(B+3A) 
— 2(1.2TPC) 
( 


Magnitude Accuracy (TPC) See note 
D2 bit=1, D3 bit=1 
D2 bit=0, D3 bit=1 
D2 bit=1, D3 bit=0 
3(1.2TPC) 
Note: T = FREF period, A=0.19/(Rpc+0.51)+0.0058, B=0.42/(RR+0.53)+0.0108, Rpc & RR in KQ 
VCO Center Frequency VCO IN = 2.7V, TO=4.03(RR+1.33), 0.8TO 1.2TO 
Period (TVCO) VPA, VPD = 5.0V, RR=2.0KQ to 7.0 KQ 
VCO Frequency 1.0V<VCO INSVPA-0.6V 5 % 
Dynamic Range VPA, VPD = 5.0V ) 
8 









































0.8TPC-0.2 
2(.8TPC) 
3(.8TPC) 











Data Synchronization 


PARAMETER CONDITION | 











D2 bit=0, D3 bit=0 
42 
VCO Control Gain (KVCO) | wo = 2x n/TO, 1.0V<VCO IN<VPA-0.6V rad 
Vx$ 
Phase Detector Gain (KD) For PLL REF=FREF, KD=0.095/((RR+530)| 0.83KD | 1.17KD | A/rad 
For PLL REF=RD, KD=0.19/(RR+530) | 
VPA, VPD = 5.0V 
2 
4 


KVCOxKD Product Accuracy 





















Referred to RRC 


VCO Phase Restart Error 
Decode Window 
Centering Accuracy 
Decode Window 


+45 

ae | ae 
zee 
le 


(2TORC/3) 
1.5 
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APPLICATIONS SECTION 


ADJUSTABLE REAL AND IMAGINARY ZERO FILTER SECTION 


With external components connected as in Figure 5a, this section generates a pair of symmetric real axis Zeros 


whose position is controlled by the voltage on the MULT_1 pin. 
C4a*C4b 


| M1 «L548 C40 . <2 
(L1a+Lib) C2+s*+(Lia+Lib)s +1 5. C4arC4b . 2 1554 4 
C4a+C4b 


_1-M1+L+C-+s? 
LCs*+Ls +1 


for: L=L5=2:*L1a=2:Lib 
C = C2 = 0.5°C4a = 0.5°C4b 


With the external components connected as in Figure 5a, this section also generates a pair of symmetric imaginary 
axis zeros whose position is controlled by the voltage on the MULT_2 pin. 


H2 (s) =k4 » M2 (L8a+L80) C7 +s" +1 (R128 4R12b) 
(E+s§) +(Fes1) 4.44 


With the external components connected as in Figure 6a, this section can also generate two pairs of symmetric 


complex zeros whose position is controlled by the voltage on the MULT_2 pin. 


(M2+A +s4)+(M2+B +s2)+1 
(EeSN)+ (Fes 1)4...41 


where A = Cg:C7+2L.10-2L8 
B= (C7-218) + (C7-2L10) + (Cgr2L.10) 


H2 (s) =K4s ¢(R12a+R12b) 


GAIN BUFFER TO DIFFERENTIATOR AND MATCHED DELAY SECTION 


With external components conncected as in Figure 5a, this section generates the differentiated signal applied to 
CIN+/- and a signal with a matched delay applied to DIN+/-. 


C16a*C16b *R17¢°s 


Hein (s)=_________C16a+C16b_ For: L=2:L15a =.2¢L15b 
(L15a+L15b) « C16a*C16b , 2, C16a° C16 . p17. , 4 C = 0.5*C 16a = 0.5°C16b 
C16a+C16b C16a+Ci6b © R=R17 : 
- CRs | 
LCs*+CRs +1 
Hain (s se es re ee For:. L = 2eL18a = 2*L18b © 
(L18a+L18b) °C19*s*+C19*R20°s+1 C=C19 
R = R20 
a 
LCs*+CRs+1 | 
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LOOP FILTER 


The low pass filter attenuates high frequency components fo the phase error signal from the phase detector and 
modifies the dynamics of the PLL. In lock mode, the PLL can be approximated by the linear model shown in 
Figure 4. The transfer functions of the blocks are as follows: 


KD = conversion factor for phase detector in wA/radian 
KVCO =VCO gain factor in radians/volt-second 
F(s) = lowpass filter transfer function 


Thus the closed loop transfer function is: 
KD * Kvco « F(s) 


H(s)=____N 
a KD * Kvco « F(s) 


S 
N 
where: N = ratio between TBD and FIN 


N = 1.0 for preamble 
N= 0.5 for external clock 


For the low pass filter example: 


F (s) = 1+sCiR 
sCt (1 +2482} 
C1 3 


Voltage Controlled 
Phase Detector Low Pass Filter Oscillator 


rad 
id = KD « (81 - 60) | sec/volt 


dBo/dt = KVCO « Vc 


PD_OUT VCO_IN 
C2 R 
Ll Fe 


Low Pass Filter Example 





FIGURE 4: Phase Locked Loop 
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FIGURE 5a: Circuit Block Diagram - Differential Output Data Version - Sheet 1 


2-162 0789 


SSI 32P4620 
Pulse Detector & 
Data Separator 








Analog Digital 
+5V +5V 


VPA2 S| VPA3 VPD2 
_] CI a 


{] VCO_CLK 


E FLTR 
C) L_] 


Read Data 1/3 Cell 
(From sheet 1) Delay eS 
D r 










hase 
Controlled 
a nit 









Current 
Reference 
Generator 


Write Gate 
(From sheet 1) 


Address 
Mark 
Detection 


[] WAM/AMD 


Data/Address Bus 
(From sheet 1) 


Address 
Mark 
Generator 


| a {_ LJ a 
IREF = PCS AGND3 DGND2 
+5 oO +5V 
Analog Digital 
RR Ground Ground 
CPS RPS 


FIGURE 5b: Circuit Block Diagram - Differential Output Data Version - Sheet 2 
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FIGURE 6a: Circuit Block Diagram - Single Ended Output Data Version - Sheet 1 
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FIGURE 6b: Circuit Block Diagram - Single Ended Output Data Version - Sheet 2 
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FIGURE 8: Read Mode Digital Section Timing Diagram 
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FIGURE 9: Data Synchronization Waveform 
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FIGURE 10: NRZ Data Word Comparison to 1,7 Code Word Bit 
(See Table 1 for decode scheme) 
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FIGURE 12: Write Timing 
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FIGURE 13: Address Mark Search 
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FIGURE 14: Read Mode Locking Sequence (Soft and Hard Sector) 
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FIGURE 15: Multiple Address Mark Write 
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FIGURE 16: Write Data 
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FIGURE 17a: System Configuration - Sheet 1 
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FIGURE 17b: System Configuration - Sheet 2 
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FIGURE 17c: Expected Nominal Voltage Levels 
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- FIGURE 18: Feed forward Mode 
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FIGURE 19: Percentage Threshold vs. Frequency 
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DESCRIPTION FEATURES 


The SSI 32D531 Data Separator performs data syn- ¢ MFM & RLL Data Synchronization. 
chronization and write precompensation of encoded : 

data. The interface of the SSI32D531 is optimum for ° Optimized for use with the WD1010/WD2010 
use with Western Digital's WD1010/WD2010 control- controller family 

ler family. 





e Fast acquisition Phase Locked Loop 


The SSI 32D531 contains a high performance Phase e 41£F detection 

Locked Loop for read data synchronization, a crystal 

controlled reference oscillator forwrite datasynchroni- °¢ Write precompensation 

zation, and write precompensation circuitry. The SSI ; 7 
32D531 employs an advanced bipolar technology ° Write data resynchronized for reduced jitter 
which affords precise bit cell control without the need 
for external active components. The SSI 32D531 : 
requires a single +5V power supply and is available in quired 

24-pin DIP and 28-pin PLCC packages. | e Single +5V power supply 


¢ No external delay line or varactor diode re- 





BLOCK DIAGRAM 


Cc 
: tK VCC RFE F 
DELAY SET IF DETECT PDOUT! VCOIN RS CFi CF2 
a a a nee 5 ee 


IF DETECT 


ENCODED ee h VOLTAGE CONTROLLED § READ 
READ DATA ‘y ‘ B peaeeae OSCILLATOR CLOCK 





vec 


SYNCH 
READ DATA 
READ GATE: [- 
XTALI 

xt F] 


XTAL2 


MEMWRITE 
DATA "F 
EARLY [ 
TATE 


PRECOMP 
ENABLE |: 


PRECOMP SET 


T crc 
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FUNCTIONAL DESCRIPTION 


DATA SYNCHRONIZATION 


Read Data synchronization is accomplished with a 
high performance, fast acquisition Phase Locked Loop 
(PLL). The input from the disk drive, ENCODED READ 
DATA, is phase locked with the VCO clock. The 
synchronized Read Data andthe VCO clock divided by 


two are made available for external data extraction at 


the SYNCH READ DATA and READ CLOCK pins, 
respectively. 


The synchronized Read Datais synchronizedin ajitter- 
free manner such that leading edge transitions occur at 
the center of READ CLOCK half cycles. This is 
accomplished by internally decoding and re-encoding 
using the READ CLOCK as a reference. 


When READ GATE changes state, the VCO is stopped 
and restarted in phase with the PLL input which can be 
‘either the internal Crystal Oscillator or ENCODED 


READ DATA. In this manner the lock time is reduced | 


due to small angles of phase error. Limiting the phase 
error by restarting the VCO in phase with the input 
prevents the PLL from locking to harmonics and short 
lock times are assured. The correct phase of READ 
CLOCK is also ensured by resetting the n/2 Divider at 
the same time as the VCO restart. 


When READ GATE is AiGii the 1/4 CELL DELAY 
allows the Phase Detector to be enabled prior to when 


an edge of the encoded input is to occur. This updates 


the PLL onasampled basis and corrects for any phase 
error with each subsequent input pulse. When READ 
GATE is low the Phase Detector is continuously en- 
abled and the PLL is both phase and frequency locked 
to the reference oscillator. By locking the VCO to the 


reference oscillator it is virtually at the correct fre- 


quency when the PLL is switched to track ENCODED 
READ DATA. 


The waveforms in Figure 1 are graphic representation 
of the PLL alternately locking to ENCODED READ 
DATA and the Crystal Oscillator. 


With an ENCODED READ DATA input of 5 MHz, the 
final DC level of the VCO waveform is constant as 
shown with transients occurring at each edge of the 
READ GATE. The amplitude and duration of the VCO 


locking transient is dependent on the initial phase error 


on switching (max is 0.5 rad.) as well as the damping 
factor and natural frequency of the loop. The lowertwo 
waveforms in Figure 1 are an expansion of the EN- 
CODED READ DATA and VCO IN signals showing the 
effect of disabling the VCO during reference switching 
and the subsequent stairstep characteristic of the VCO 
waveform as the PLL locks to the new input. _ 


The synchronizer circuit separates the data and clock 
pulses using windows derived from the VCO output. 
The window edges are aligned with the opposite edge 
from that used to phase lock the VCO. Using a VCO 
running at twice the expected input frequency allows 
accurate centering of these windows about the ex- 
pected bit positions. — 3 


1F DATA DETECTION 


The SSI 32D531 provides a flag, 1F DETECT, that 
indicates a continuous stream of “1’s” or “O's.” _ 


The period of the 1F Detect Retriggerable One-Shot is 
set so that the sum of the 1/4 Cell Delay and the One- 
Shot is nominally 1-1/4 time the 2F frequency data 
period. This results in the 1— DETECT output remain- 
ing high during a continuous high frequency input 
representing a field of “1’s” and “0’s.” External compo- 
nents R1F and C1F at the 1— DETECT SET pin are 
used to set the One-Shot delay. A Latch operates in 
conjunction with the One-Shot to guarantee a mini- 
mum 1F DETECT output pulse width of one data 
period. 


WRITE PRECOMPENSATION 


Write precompensation reduces the effect of intersym- 
bol interference caused by magnetic transition proxim- 
ity in the disk medial. Compensation consists of 
shifting written data pulses in time to counteract the 
read back bit shifting caused by such interaction. The 


_ severity of the intersymbol interference is a function of 
radial velocity of the media, the magnitude of the write 
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pulse and the data pattern. Typically, write precom- 
pensation is enabled at the same time as the write 
current evel is reduced. 


The COMP WRITE DATA output is a re- eaneienees 
version of the MFM WRITE DATA input that has been 
time shifted, if needed, to reduce intersymbol interfer- 
ence. Re-synchronization, to the internal crystal oscil- 
lator, is performed to minimize bit jitter in the output 
waveform. The magnitude of the time shift, TC, is 





0589 


determined by the RC network at the PRECOMP SET 
pin and is applied as noted in Table 1 according to the 
states of EARLY, LATE and PRECOMP ENABLE. 
Figure 2 is a further illustration of these timing relation- 
ships. 








TABLE 1: Write Precompensation Truth Table 


PRECOMP 
ENABLE EARLY | LATE DELAY 


| 0 | 0 | Megat State 
po | at | mete 
pe 












TN + TC 


TN = Nominal Pulse Delay 
TC = Magnitude of Time Shift 
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REFERENCE OSCILLATOR 


The crystal controlled oscillator serves as the system 
master clock for the write functions. Its frequency 
divided by two provides a WRITE CLOCK for an 
external MFM encoder. It is also used to re-synchro- 
nize the MFM WRITE DATA for precise timing control 
when writing data to the disk. Aseries resonant crystal 
should be used. | 


Additionally, the oscillator output is used as a standby 
reference for the PLL when READ GATE is low. This 
enables the PLL to lock rapidly to incoming data when 
required. 


When an external system clock, is available it may be 
connected to XTAL1, and XTAL2 should be left open. 


Encoded 
Read Data 


Read Gate cet be 
Veo in ay ARSE Spee Neal” Kyran 


Encoded | | | | | | | | as 


Read Data 


vco 
Disabled 





Expanded Scale 


FIGURE 1 : Encoded Read Data Waveforms 
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PIN DESCRIPTION 


NAME os TYPE | DESCRIPTION ~ 


'MFM WRITE DATA | | A Write data to be resynchronized and precompensated. Syn- 


oe | M | chronous with WRITE CLOCK. 
baba le PRECOMP ENABLE ~ | 
(aoe os = | ‘|o 2 | =LATE. 













Enables precompensation to be controlled by -EARLY or 

EARLY When low causes the MFM WRITE DATA pulses to be written 
| late. ie | | 

ENCODED READ DATA MEM encoded read data pulses from the read amplifier circuits. 


READ GATE Selects the reference input to the PLL. Selects ENCODED 
READ DATA when high, crystal oscillator when low. 


vec al 
GND” 












Power and signal ground connection. 


Crystal-controlled. reference. oscillator frequency divided by. 
two. Used by the controller to generate MFM WRITE DATA. 













Re-synchronized and precompensated write data. _ 


Voltage-controlled oscillator output divided by two. SYNC 





READ DATA is synchronized to this signal. 


Synchronized read data output. Leading-edge transitions 
occur at center of READ CLOCK half cycles. | 


1F DETECT , Flag used to locate strings of MFM-encoded 1’s or 0’s in the 
ENCODED READ DATA input. | 


XTAL1, XTAL2 /O Connections for oscillator crystal. If oscillator is not required, 
_ XTAL1 may be driven by TTL logic signal at twice the data rate — 
and XTAL2 left open. a 


PRECOMP SET | VO Pin for R-C network to control write precompensation early and 
late times 7 


1F DETECT SET VO Pin for R-C network to control the 1F detect period. Component 


values are dependent onthe minimum data period that will keep 
1/4 CELL DELAY SET /O 








1F DETECT high. 


Pin for R-C network to control the 1/4 CELL DELAY. This allows 
the Phase Detector to be enabled 1/4 of the data period prior to 
receiving an MFM data input. 





Pins for the capacitor used in conjunction with RF and RS to set 
the VCO center frequency. 


/O Pin for resistors used in conjunction with capacitor to set the 
VCO center frequency. 
Output of phase detector, input to loop filter. 
Control input of the VCO, for connection of the loop filter output. 


/O 
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ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


RATING 
-65 to +150 
0 to +70 





-0.5 to +7.0 | Vdc 
-0.5 Vdc to VCC +0.5 Vdc 
mW 


Unless otherwise specified 4.75 < VCC < 5.25V, Ta=0 to 50 °C, RPC =3.3K, CPC = 24 pF, R1F = 16K, C1F 
= 120 pF, RQC = 8.2K, CQC = 56 pF, RF = 499, RS = 499, CF = 56 pF, and X1 = 8 MHz to 10.5 MHz crystal 
conforming to military type HC19A/U. 


PARAMETER CONDITIONS 
High LevelInput Voltage, VIH {| s—s—s—iSY 
Low Level Input Voltage, VIL 


°C 

°C 

“ 
d 

d 





DC CHARACTERISTICS 


| 
High Level Output Votage, VOH | 


Low Level Output Voltage, VOL ae 
Comp Write Data lOL=4mA 


AllOthers lOL=1mA 
Power Supply Current, Icc All Outputs Open 


DATA DETECTION CHARACTERISTICS (SEE FIGURE 1) 


PARAMETER CONDITIONS 
ENCODED READ: DATA | 10 
Pulse Width, TERD | 
-| ENCODED READ DATA 0.8V to 2.0V, CL = 15 pF 
Positive Transition Time, TERDPT 
| READCLOCK | 
Repetition Period Range, TRCF 


Yeoh 
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DATA DETECTION CHARACTERISTICS (SEE FIGURE 1) 


PARAMETER CONDITIONS 


READ CLOCK Pulse Width, TRC 


UNIT 








2... 
15 ns 
TRCF -20 


TRCF-TRC 
-20 






READ CLOCK _. | 
Positive Transition Time, TRCPT 


READ CLOCK 4.2V to 0.9V, CL = 15 pF 
Negative Transition Time, TRCNT 


SYNC READ DATA TSRDD1 


0.9V to 4.2V, CL = 15 pF 


Delay | TSRDD2 





{sl -bl | PED 


SYNC READ DATA TRCF 
Pulse width, TSRD1,2 2 
15 


SYNC READ DATA | 0.9V104.2V,CL=15pFo 
Positive Transition Time, TSRDPT | | 
1F DETECT Delay TD = 0.086 (RIF) (CIF + 7pF) | 0.9TD 
T1FD Accuracy +1TQC,C1F = 100 pF to 180 pF : 


1/4 CELL DELAY, TDQ = 0.095 (RQC)(CQC 0.85 1.15. sec 
TQC Accuracy | + 7pF) CQC = 43 pF to 82 pF | TDQ TDQ 


PHASE LOCKED LOOP CHARACTERISTICS 


VCO Period Accuracy, TVCO Oscillator period, TO = 1.7(RF | 0.9TO 1.1TO | ~~ sec 
+ RS) CF, CF = 20 pF to 


82 pF, RF = RS = 4990 


VCO Frequency Range VCO IN = 0.85V to Vcc +20 
| | | -0.85V, Vcc = 5.0V 
Phase Detector Gain, KD _ w/respect to 5 Mbit/sec 
data rate, Vcc = 5.0V 


| VCO Control Gain, KVCO Wo = Vco radian center 
| frequency 
V=VCO IN voltage change 
VCO IN = 0.85V to Vcc 


8 
Ww 
oO; . 
) 
o~ 


°o 
il es 
a 
O1 
an 
pe) 
Q. 





< 






VCO Phase Preset Error 


Data Detection Window 
Centering Accuracy 


Number of Read Clock Period 
Delay From ENC RD DATA Input 
to SYNC RD DATA Output 


Number of READ CLOCK periods 
that VCO may be disabled during 
reference switching 


+ 
I+ 
x 
oS 
it Mm 
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WRITE PRECOMPENSATION SWITCHING CHARACTERISTICS (SEE FIGURE 2) | 


PARAMETER CONDITIONS 
WRITE CLOCK Repetition Controlled by X1 Freq. 190 
Period, TWCF 











F 


WRITE CLOCK ; 
Pulse, Width, TWC 

WRITE CLOCK Positive 0.9V to 4.2V, CL = 15 pF 
Transition Time, TWCPT 

WRITE CLOCK Negative 4.2V to 0.9V, CL = 15 pF 
Transition Time, TWCNT 

MFM WRITE DATA Set Up 

Time, TWDS1,2 

MFM WRITE DATA Hold 

Time, TWDH1,2 

MFM WRITE DATA Release 

Time, TWDR1, 2 


15 
10 
15 





EARLY or LATE Set Up 
Time TELS1,2 


EARLY or LATE Hold Time 
TELH1,2 


COMPENSATED WRITE CL = 15 pF 40 

DATA, Pulse Width, TCWD 

COMPENSATED WRITE DATA 

“Nom” Pulse Width Delay, TN 

COMPENSATION WRITE DATA | TC = 0.15 (RCP) (CPC) 0.8T 

Compensation Accuracy, TE, TL | CPC = 15 pF to 36 pF 
COMPENSATED WRITE DATA 0.8V to 2.0V, CL = 15 pF 


Positive Transition Time, 
TCWDPT 





ine) 
—_ nD 
Oo oO 
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ENCODED 
READ DATA 


READ 


SYNCH 
READ DATA 


“IF DETECT 





FIGURE 2: Data Detection and Synchronizing Waveforms 
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CLOCK 


MFM 
WRITE DATA 


-EARLY OR 
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FIGURE 3: Write Precompensation Waveforms 
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IF DETECT 
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| VOLTAGE CONTROLLED 






ENCODED PHASE 


GERABLE 





READ DATA ONE-SHOT DETECTOR OSCILLATOR CLOCK 
WD1010-05 
CONTROLLER 
oa SYNCH 
ST506 Py READ DATA 
INTERFACE READ 


CLOCK 
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WRITE DATA 3 ae @ » 
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FIGURE 4: Typical System Connections S S 
oO . 
Application Information oe< 
In a typical application the SSI 32D531 is used with a Western Digital WD1010-05 Winchester Disk Controller as shown in Figure 4. < = 
Interface to the disk drive consists of the Read data input signal from the drive and the Write data output aoe from the SSI 32D531. All om 
the other connections are with the WD1010 and external components. OM @O 





LESdce ISS 


SSI 32D531 
Data Separator and Write 
Precompensation Device — 


LOOP FILTER 


The low pass filter serves several purposes, it attenu- 


ates high frequency components of the phase error . 
signal from the phase detector and modifies the dy-. 
namics of the PLL. In lock mode, the PLL can be 
approximated by the linear model shown in Figure 5. 


Standard linear system analysis methods can then be 


used for analysis. The transfer functions of each of the © 


blocks are as follows: 

KD =conversion factor for phase detector in wA/radian 
KVCO = VCO gain factor in radians/second volt 

F(s) = Low pass filter transfer function 


Thus the closed loop transfer function is 


H(s) -KDKVCO F(6) where N= ratio between 5M 


N bit/sec and fin (i.e. for pre- 
amble N = 1 ,for crystal refer- 
3 RORNCS F(s) ence N = 0.5) 


The transient performance and frequency response is 
highly dependent on the filter transfer function F(s). 


To obtain a zero phase error, a type 2 or higher system 
must be used. This necessitates the use of a filter 


Phase Detector 


~ lock Techniques by Gardner’. 


Low Pass Filter 


transfer function with at least one pole at the origin to 
obtain two poles at the loop gain origin. A detailed 
analysis supporting this choice can be found in Phase- 
The filter shown in 
Figure 6 can be used which will give independent 
control of the damping factor and natural frequency of 
the closed loop function. Proper choice of capacitors 
Ci and C2 will effect loop settling time and stability. 
More complex filters can be used that give finer control 
over loop parameters and enhance performance even 
further. 


1. Gardner F.M. Phaselock Techniques, Wiley N.Y., 
Second Ed., 1967 


Vco FREE RUNNING FREQUENCY 


The external components RF, RS and CF, are chosen 
to set the VCO frequency at twice the ENCODED 
READ DATA bit rate. Fora symmetrical window, equal 
values of RF and RS are used. Increasing the ratio RF/ 


‘RS causes the detection window to occur earlierintime 


with respect to ENCODED READ DATA. Decreasing 
the ratio has the opposite effect, the value of the time 


‘Shift is: 


T = TVCO (RF - RS)/(RF + RS) 


- Voltage Controlled 
Oscillator 


1+SC,R 


F(s)= ——__" 
SC,(1+=?+SC,R) 
1 





FIGURE 6 : Loop Filter Example 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) for a static sensitive component. 










READ CLOCK [] 3 221] RF 
READ GATE [] 4 21 [1CF2 

SYNC READ DATA [| 5 20 [1 CF 1 
IF DETECT [] 6 19f]RS 
PRECOMP ENABLE [] 7 18{]VCO IN 1F DETECT [}7 23 |] crt 
WRITE CLOCK []j 8 17 [] PD OUT PRECOMP ENABLE |}8 22[] Rs 


= ” 

a 7) 

2 > 

a & < 

a 5 a 

IF DETECT SET [} 1 2411 vcc a w = 
ENCODED READ DATA [] 2 23 [] 1/4 CELL DELAY SET 2 a bf 
3 2 26 


|} READ CLK 





= [INC 
8 UNC 











READ GATE [ {5 


SYNC READ DATA {|6 24 | | CF2 


EARLY 16 |] XTAL2 WRITE CLOCK []9 at f]) veoin 
LATE 15 [| XTAL1 EARLY []10 20 | | PD OUT 
MFM WRITE DATA {] 11 141] PRECOMP SET rare (111 19 1] xtaL2 
GND |] 12 13 | |] COMP WRITE DATA 2 7 





GND || 
NIC [ 
nic [| 
XTAL1 [] 


24-Lead PDIP 


COMP WRITE 
DATA 
PRECOMP SET [| 


MEM WRITE DATA [| 


28-Lead PLCC 





ORDERING INFORMATION 


PART DESCRIPTION PACKAGE MARK 


ORDERING NUMBER 
24-Pin PDIP 32D531-CP 32D531-CP 


28-Pin PLCC 32D531-CH 32D531-CH 






No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SSI 32D5321 
i | as Data Synchronizer/ 
Sl a 2,7 RLL ENDEC 


DESCRIPTION | FEATURES 


The SSI 32D5321 Data Synchronizer / 2, 7 RLL ° Pata Synchronizer and 2,7 RLL ENDEC 
ENDEC provides data recovery and data encoding for ; : 
storage systems which employ @2,7 RLL encoding ° yrsgranmog ant Sino extemal Resistor 
format. Data synchronization is performed with a fully 

integrated high performance PLL. A zero phase ©°® Optimized for Operation with the SSI 32C452A 
restart technique is used to minimize PLL acquisition and AIC 010 Controllers 

time. The SSI 32D5321 hasbeenoptimizedforopera- =» : ; 
tion as a companion device to the SSI 32C452A and ac lecren resis Symimely vise 
the AIC 010 controllers. The VCO frequency setting H g 
elements are incorporated within the SSI32D5321 for © Fast Acquisition Phase Locked Loop 
enhanced performance and reduced board space. - Zero Phase Restart Technique 

Data rate is established with a single external program- e 

ming resistor. The SSI 32D5321 utilizes an advanced ae a cater sates teal a Daviess 
bipolar process technology which affords precise Required y 

decode window control without the requirement of an | q 
accurate 1/4 cell delay or external devices. To‘en- °® Crystal Controlled Reference Oscillator 
hance disk drive testability, decode window symmetry ; 

control is available through a digital uP port and/ortwo ° +Hard/Soft Sector Operation 

analogpins. This feature canfacilitatedefectmapping, 
automatic calibration, systematic error cancellation, | 
window margin testing and error recovery. The SSI ~—-28 Pin DIP and PLCC Packages 
32D5321 requires a single +5V power supply and is 

available in 28 pin DIP and PLCC packages. 





+5V Operation 





BLOCK DIAGRAM PIN DIAGRAM 


D 
f 


SOFT/HARD 
WD 





1 
2 
3 
4 
5 
6 
7 
8 
9. 





CAUTION: Use handling procedures necessary 
0689 3-13 for a static sensitive component. 
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PIN DESCRIPTIONS 


INPUT PINS 


READ DATA: Encoded Read Data from the disk drive read channel, active 
low.. 


READ GATE: Selects the PLL reference input and initiates the PLL 


—synchronizationsequence. A high level selects the RD input and enables 


the Read Mode/Address Mark Detection sequences. A low level selects the 
crystal reference oscillator. Pin RG has an internal resistor pull-up. 


WRITE GATE: Enables the write mode. PinWG has aninternal resistor pull- 


up. 


WINDOW SYMMETRY LATCH: Used to latch the input window symmetry 
control bits WSD, WSO and WS1 into the internal DAC. An active high level 
latches the input bits. Pin WSL has an internal resistor pull-up. 


WINDOW SYMMETRY DIRECTION: Controls the direction of the optional 
window symmetry shift. Pin WSD has. an internal resistor pull-up. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
shift of 1.5 % TORC (Read Reference Clock Period) in the direction 
established by WSD. Pin WSO has an internal resistor pull-up. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
shift of 6% TORC (Read Reference Clock Period) in the direction estab- 
lished by WSD. A low level at both WSO and WS1 will produce the sum of 
the two window shifts. Pin WS1 has an internal resistor pull-up. 


SOFT/HARD SECTOR: Selects the address mark and the Preamble field 
patterns. A high level (Soft Sector) selects a3T Preamble Field pattern and 
a non-violating 2, 7 address mark, N7V. A low level (Hard Sector) selects 
a 4T Preamble Field pattern and disables the address mark circuitry. Pin 
SOFT/HARD has an internal resistor pull-up. 


WRITE CLOCK: Write Clock input. Must be synchronous with the Write 
Data input on the NRZ Data Port. For small cable delays, WCLK may be 
connected directly to pin RRC (Read/Reference Clock). 

ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 


phase detector and allows the VCO to coast. Pin EPD has an internal 
resistor pull up. 
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PIN DESCRIPTIONS (cont) 


DESCRIPTION : 


WRITE DATA: Encoded write data output, active low. 


OUTPUT PINS 

























RRC READ/REFERENCE CLOCK: A multiplexed clock source used by the con- 
troller. Inthe read mode, this clock is the VCO frequency divided by two (1/ 
TORC) andin the write mode it is the crystal reference frequency divided by 
two (1/TORO). No short clock pulses are generated during a mode change. 
AMD ADDRESS MARK DETECT: Inthe soft sector Read Mode, a latched low 


level output indicates that an address mark has been detected. In non-Read 
modes AMD is configured as a high impedance output. 


SYNC DETECT OUTPUT: An active low output that indicates successful 
detection of the 3T Preamble sync field. THE SDO pin is not a TTL level © 
signal. 










ANALOG PINS 


TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay 


are a function of the current source into pin IREF. The current is set by an 
external resistor, RR, connected from IREF to VPA. 


| CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not 
desired, XTAL1 maybe driven by a TTL source with XTAL2 open. The 


frequency must be at twice the data rate. 


PHASE DETECTOR OUTPUT: Drives the Loop Filter input. | 
POWER 


VCO CONTROL INPUT: Driven by the Loop Filter output. 
SYNC DETECT SET: Used to program the sync detect retriggerable one- 
DGND, AGND_ 


shot timing with an external R-C network. Connect the capacitor, Cd, to VPA 
and the resistor, Rd, to AGND. 
VPA 
0689 3-15 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the 
decode window symmetry; typically used to null out any window symmetry 
offset. A resistor connected from either RF or RS to AGND will provide 
magnitude and direction control. They can be used in conjunction with the 
digital contro! port WSD, WSO, WS1. 














DIGITAL AND ANALOG GROUND 
ANALOG +5V 


DIGITAL +5V ; 
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OPERATION 


The SS132D5322is designed to performdata recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D5322 performs Data Synchronization, 
Sync Field Search and Detect, Address Mark Detect 
and Data Decoding. In the Write Mode, the SSI 
32D5322 converts NRZ data into the 2,7 RLL format 
described in Table 1, it generates the Preamble Field, 
and inserts Address Marks as requested. The inter- 
face electronics and architecture of the SSI 32D5322 


have been optimized for use as a companion device to — 


the SSI 32C452A or AIC 010 controllers. 


The SSI 32D5322 can operate with data rates ranging ~ 
from 7.5to 10 Mbits/sec. This data rate is established | 


by a.single 1% external resistor, RR, connected from 
pin IREF to VPA. This resistor establishes a reference 


current which sets the VCO center frequency, the ~ 


phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 


RR = 40.67 -0.5 (KQ) 
DR 


where: DR = Data Rate in Mbits/sec. 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
forthe PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
If acrystaloscillatoris not desired, then an external TTL 


compatible reference may be applied to XTAL41, leav- 


ing XTAL2 open. 


The SSI32D5322 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write andidle Modes. Inthe Read Mode the Harmonic 


Phase Detector updates the PLL with each occurrence | 


ofaDLYD DATApulse. Inthe Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 


The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WGis also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


- READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking seq- 
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 


~ leading edge of RD. An accurate and symmetrical de- 





code window is developed from the VCO clock. The 


decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet- 
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym- 
metrically about the falling edges of DLYD DATA. The 


-accuracy of the 1/4 cell delay only affects the retrace 


angle of the phase detector and does not influence the 


_ accuracy of the decode window. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mapping, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 


0689 


0689 


provided via a uP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS1 can be left open. 


Window shifts in the range of +1.5% to 7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 


TSA =0.125 TORC[1 - 680 +R_ 
1180+R 


where: Ris in ohms 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associat- 
ed frequency step during acquisition. When the refer- 
ence input to the PLL is switched, the VCO is stopped 
momentarily, then restarted: in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divideris reset. By minimizing the phase 
alignment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


The SSI 32D5322 provides two sync modes for con- 
trolling the PLL locking sequence; Soft Sector and 
Hard Sector. 


SOFT SECTOR MODE 


The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI.32D5322 requires 10 high to low transi- 
tions (Preamble ‘1’ bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
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switching the Read Reference Clock to the VCO clock 
divided by two and activating the Address Mark Detect 
circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95 input ‘1’ bits until 
the read mode is successfully entered or until RG is 
cancelled. | 


When RG transitions high, the following PLL locking 
sequence begins: 


a) PREAMBLE SEARCH: 


The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
‘100’ bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 
1/4 cell delay and the retriggerable one-shot 
delay. The 1/4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, acontinuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a 4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. 


b) PLL ACQUISITION: 


Once 10 consecutive ‘100’ bit groups are de- 
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DLYD DATA, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis- 
tion begins. When an additional 38 ‘100’ bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
Clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
Circuitry is enabled. Ifa 4T detect pulse occurs 
before 48 Preamble ‘1’ bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re- 
started. No short duration glitches will occur at 
the RRC output during this switching. 
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Cc) eda MARK DETECTION: 


The circuit. searches for the occurrence of the 
5EAxie Address Mark. If an Address Mark.is 
detected prior to the Input Counter reaching 
count 80, the correct phase of the RRC is 
ensured by resetting the n/2 divider, the AMD 
output is latched low, the PLL training se- 
quence is terminated, and the Read Mode is 
entered allowing the data field to be read. If the 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
~ RRC output is switched to the crystal refer- 
ence oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
- the Address Mark detection sequence. 


HARD SECTOR MODE 


In the Hard Sector mode (SOFT/HARD = 0) the SSI 
32D5321 utilizes a 4T (1000) Preamble Field and 
disables the Preamble Search and Address Mark de- 
tection circuitry. It allows the PLL to be controlled 
directly by RG for Hard Sector format operation. With 
the absence of an Address Mark, the 4T Preamble 
Field is utilized to properly set the bit cell alignment 
boundaries for proper decoding. 


When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 ‘1’ Preamble bits are 
detected, the RRC output is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 


In the Hard Sector magde the NRZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SDS pin can be left open. 
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WRITE OPERATION 


Inthe Write Mode the SSI 32D5321 converts NRZ data 
from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 32D5321 can operate 
with a soft or hard sectored disk drive. In the Soft 
Sector Mode, (SOFT/HARD = 1) the device generates 
a 3T Preamble Field and can insert a N7V Address 
Mark. The N7V Address Markis a valid 2, 7 RLL pattern 
which is not contained in the code set. In the Hard 
Sector Mode, (SOFT/HARD = 0) the device generates 
a4T Preamble Field and no Address Mark. Serial NRZ 
data is clocked into the SSI 32D5321 and latched on 
defined cell boundaries. The NRZ input data must be 
synchronous with the rising edges of the WCLK input. 
In a SCSI or ST506 operation, WCLK is connected 
directly to the RRC output. 





SOFT SECTOR MODE 


In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the SS! 
32D5321 automatically generates the 3T (100) Pre- 
amble Field at the WRITE DATA (WD), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit ‘1’ of the 516 (0101) in the 5EAxie Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D5321 automatically changes the ‘1’ 
in the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a ‘0’. This generates a pattern of 
seven zero's followed by two zero's. This unique pat- 
tern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. The x16 of 
the 5EAx1e Address Mark generation pattern can be 
selected, a ‘Cie’ (1100) was utilized in this exami: 


HARD SECTOR MODE 


In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 32D5321 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WD, output. Note that in the Hard Sector mode, 
the NRZ input is inverted, therefore a constant low is 
equivalent to an ‘11...’ input which generates the 4T 
‘4000...’ Preamble Field. The 4T Preamble Field will 
be generated between the time WG goes high and the 
first low to high transition on the NRZ line. The 
32D5321 requires a minimum of 32 4T (1000) bit 
groups prior to the data field. 
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2,7 RLL 


0100 


a 000 










000100 
100100 
011 001000 


00100100 
00001000 


0011 


TABLE 1: 2, 7 RLL Code Set 





ee 
a Se 


TABLE 3 : Decode Window Symmetry Control 
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AVERAGE 
AVERAGE a _ _ | OUTPUT CURRENT 


OUTPUT CURRENT 





@ ERROR @ ERROR 


a) HARMONIC MODE a b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 


2) Phase error is relative to the VCO period 





FIGURE 1: Phase Detector Transfer Function 


2,7 RLL DATA 


1/4 CELL 


vco 


RRC 
(DECODE WINDOW) 


PHASE DET 
ENABLE 





FIGURE 2: Data Synchronization Waveform Diagram 
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2,7 ALL 
DATA 


RAD 





DLYD 
DATA DATA 


vco VCO 


RRC RRC 
DECODE (DECODE 
INDOW) WINDOW) 


(a) EARLY (b) NORMAL (c) LATE 





FIGURE 3: Decode Window 


3T (100) PREAMBLE FIELD ADDRESS FIELD 


RG 


at DETECT | POO OOOO ODD D? DIDO KXKX 


XTAL , 
PLL REF 2 
DLYD DATA 


ADDRESS MARK 5 
DETECT ENABLE 


VCO RESTART 2 


52 vco 


RRC SOURC. XTAL 


AMD 


NRZ nee POD KKAXKKKAX 


Notes: 1) Dashed lines represent conditions where AMD did not occur 
2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 





FIGURE 4: Soft Sector Mode Timing Diagram 
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vco ouT?" 


RRC 


DECODED 
DATA 


iy ~ >| 


SYNC FIELD ———————_+|«—__- A 1g —_»| + Cg 


Notes: *1) These four bits can be any combination, Cis (1100) was selected in this example 
*2) The 5E:6 of the SEAx1e Address Mark is not read back 
*3) Representations of internal signals 


FIGURE 5: Address Mark Detection and NRZ Output Waveform 


| 4T (1000) PREAMBLE FIELD | |. _—CiATAFIELD | 
a = ieee fc aa | 
PLL REF* mine z= = 
DLYD DATA 


VCO RESTART | | | | 
ARcsource? YOO 
XTAL 


NRZ 7-77] . } DOOR 
INPUT COUNTER nL nna EERE RRR RRR 


0 32 


Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 


FIGURE 6: Hard Sector Mode Timing Diagram 
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31 32 
INPUT COUNTER 


encooenz.roatm | [of o|o]+fofolo}s[olo|+fele|o| solo] +[o]ojojolo|o|s| o/o 


RD 


DLYD DATA’ 





vco out" 


RRO YOOOOOOOD0OO 
DECODED NRZ DATA 


NRZ OUTPUT 


Notes: *1) Representations of internal signals 
*2) In hard sector mode the NRZ output is inverted 





FIGURE 7: Hard Sector Mode Decode Timing 


_————_ 545 —_——- > + Eg, —_-_—___ > + Ag. —__ + Xie —___—___ > «—-—_ DATA ——— > 


INOS il og, P= ee |i Oa. We dor) aah get) a eae a atl ae sak Asti TS ae ite ol ail «conti Sg PS ca A eacde fit 
CELLS 


NRZ 
VCO OUT2” 
RRC (WCLK) 


aie 
Wo Ae bl 





ere aes Jo|s]ololslofo sfolols|o|o s[ofo]olfslofofolsfolo] slo] ofofrjofo]sfofolofofolo|r| 


Notes: *1) X16 can be any combination, C16 (1100) was selected in this example 
*2) Representations of internal signals 
*3) Deleted ouput pulse to encode Address Mark 





FIGURE 8: Write Address Mark Generation 
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- ABSOLUTE MAXIMUM RATINGS 


PARAMETER _ _ RATINGS 


z 
°o 


Maximum Power Dissipation | 950 | mW 















DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 
< 5.25V, TA = 0°C to 70°C, 7.5MHz < 1/TORC < 10MHz , 15MHz < 1/TVCO < 20MHz 


| PARAMETER CONDITIONS 


Vil High Levelinputvotage | | 0 || 
IIH, High Level Input Current VIH=2.7V a 
— 


IIL, Low Level Input Current VIL = 0.4V 
VOH, High Level Output Voltage | IOH = -400uA 7 | en 











uA 


VOL, Low Level Output Voltage IOL = 4mA 05 
| ICC, Power Supply Current All outputs open | 165 


DYNAMIC CHARACTERISTICS AND TIMING 





READ MODE (See figure 9) 


TRD, Read Data Pulse Width 

















TFRD, Read Data Fall Time 2.0V to 0.8V, CL < 15 pF 
TRRC, Read Clock Rise Time 0.8V to 2.0V, CL < 15pF 







TPAMD, AMD 
Propagation Delay 
1/4 Cell + Retriggerable 
One-Shot Detect Stability 


Lead 
| 


4 


a 

T= [ 

a a 

| yy 

| TRC, Read Cock FalrTime | 20vieoev,cussspr | | __ 

TPNRZ, NRZ (out) rma 
15 

vas| 


A 
V 
V 
A. 
/o 


3-24 0689 


SSI 32D5321 
Data Synchronizer/ 
2,7 RLL ENDEC 





READ MODE (Cont.) 










PARAMETER CONDITIONS | MIN | MAX 


TD=6.14(RR +0.5) 
+ 0.172Rd (Cd +11.5) 
RR = KQ 
Rd = KO 
Cd = 68pF to 100pF 


= Excludes External Capacitor and Resistor Tolerances 


UNIT 








1/4 Cell + Retriggerable 
One-Shot Delay* 














0.89TD 1.11TD 





Note: * 






TWD, Write Data Pulse Width | CL <15pF (TORO/2) -12 | (TORO/2) +12 
TEWD, Write Data Fall Time 2ovtoosv,cL<t5pF | § | 8 | 


TOWC Write Data Clock 

Repetition Period TORO -12 TORO +12 
TRWC Write Data 

Clock Rise Time 0.8V to 2.0V 10 
TFWC Write Data 

Clock Fall Time 2.0V to 0.8V 


VCC = 5.0V 


DATA SYNCHRONIZATION 
a Sec 
VCO Frequency 1.0V < VCO IN < VCC -0.6V 
Dynamic Range VCC = 5.0V +40 % 
KVCO_ VCO Control Gain wo = 2x/ TO 0.1400 0.20wo0 rad 
1.0V < VCO IN < VCC -0.6V sec-V 





WRITE MODE (See figure 10) 







20 
7 







CONDITIONS 


VCO IN =2.7V 
TO = 1.23E - 11 (RR +500) 







Period 





TVCO_ VCO Center Frequency 
KD Phase Detector Gain KD = 0.309 / (RR + 500) 
VCC = 5.0V 0.83KD 1.17KD | A/rad 
KVCO x KD Product 
| Accuracy +28 Yo. 

VCOPhaseRestat Error] | 08 
Decode Window + (0.01 
Centering Accuracy TORC + 2) 


| Decode Window (TORC/2) -2 ae 
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DATA SYNCHRONIZATION (Cont.) 


PARAMETER | CONDITIONS | | MIN 
| TS1 Decode Window Time | , 
Shift Magnitude TS1=0.015 TORC . 0.85 TS1 
TS2 Decode Window Time 
Shift Magnitude TS2 = 0.06 TORC 0.90 TS2 
S3 












TSA Decode Window Time 
Shift Magnitude 





T Decode Window Time | 
Shift Magnitude TS3 = 0.075 TORC 0.90 TS3 
680+R ) 
1180 +R 


0.65 TSA 


TSA= 0.125 TORC(1 z 





with: R in ohms 





_ CONTROL CHARACTERISTICS (See figure 11) 
| TSWS, WSO, WS1, WSD 

Set Up Time | 

THWS, WS0, WS1, WSD 

Hold Time 
RG, WG, SOFT/HARD 
Time Delay 


NRZ (OUT) 





FIGURE 9: Read Timing 
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REFERENCE 
OSCILLATOR 





NRZ (IN) 





FIGURE 10: Write Timing 





FIGURE 11: Control Timing 
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RAW 






SSI 32C452A 


STORAGE 






CONTROLLER 






a 
= ye SOFT/HARD 
=a am 
| F-_ im 
AGND DGND SDO 


Typical SSI 32D5321 Application 
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PACKAGE PIN DESIGNATIONS 


(TOP VIEW) Z 
SOFT/HARD zs 
WD oO «< in a 
a 2 B o£ 
2 1 





RG U5 25 {|} XTAL2 


24 (J XTAL1 





, 
2 
3 
4 
5 
6 
7 
8 
9 





WSD AGND [] 11 AMD 
ao 14 17 
>) 2m 
oO head 
wso oo 4 8 B 2: 
28-Pin DIP 28-Pin PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 


SSI 32D5321 28 Pin PLCC SSI 32D5321 - C28H 32D5321 - CH 
SSI 32D5321 28 Pin Plastic DIP SSI 32D5321 - C28P 32D5321 - CP 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION FEATURES 
© Data Synchronizer and 2,7 RLL ENDEC 


The SSI 32D5322 Data Synchronizer / 2, 7 RLL 
ENDEC provides data recovery anddataencodingfor © 7.5 to 15 Mbits/sec Operation 
Storage systems which employ a 2, 7 RLL encoding Programmed with a Single External Resistor 


format. Data synchronization is performed with a fully aoe ; . 
integrated high performance PLL. A zero phase ® Optimized for Operation with the SSI 32C452A 





restart technique is used to minimize PLL acquisition and AIC 010 Controllers 
time. The SSI32D5322 has been optimized for opera- © Programmable Decode Window Symmetry via a 
tion as a companion device to the SSI 32C452A and uP Port and/or Analog Pins 


the AIC 010 controllers. The VCO frequency setting 2 has 
elements are incorporated within the SSI 32D5322 for Fast Acquisition Phase Locked Loop 


enhanced performance and reduced board space. - Zero Phase Restart Technique 
Data rate is establishedwith asingle externalprogram- © Fully Integrated Data Separator 
bipolar process technology which affords precise Required 


decode window control without the requirement of an z ; 
accurate 1/4 cell delay or external devices. To en- Crystal Controlled Reference Oscillator 
hance disk drive testability, decode window symmetry —s_« 
controlis available through a digital pP port and/or two 
analogpins. This feature canfacilitatedefectmapping, e 45y Operation 

automatic calibration, systematic error cancellation, 

window margin testing and error recovery. The SSI ® 28-Pin DIP and PLCC Packages 
32D5322 requires a single +5V power supply and is 

available in 28-pin DIP and PLCC packages. © ESDI (Hard Sector) Compatible 


Hard/Soft Sector Operation 





BLOCK DIAGRAM PIN DIAGRAM 


i vit Me nt hs pee tod we IN a ; WSsi WSO WSL 


we [-— a 
SE: Sine ee 
enn. - SHIFT 
REFERENCE enn. - & DIA 
CURRENT 
GENERATOR 










SOFT/HARD 
WD 


WG 
VPA2 


4 
2 
DLYD SDO 3 VPD 
cen | OND PHASE Ab [4 XTAL2 
CTOR 
RG 5 XTAL1 
VCO 
XTAL1 ee SDS | 6 DGND 
XTAL2 [J EPD 7 RRC 
NC 8 WCLK 
VCO IN 9 NRZ 
PD OUT 10 AMD 
AGND 11 WSL 
ae ere rs [1 12 WSD 


RF WSt 


IREF 


13 


WSO 


~k 
- 





[] WCLK 


CAUTION: Use handling procedures necessary 
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_ PIN DESCRIPTIONS 


_ INPUT PINS 


DESCRIPTION 


READ DATA: Encoded Read Data fromthe disk drive read channel, active | 
low. — | 

READ GATE: Selects the PLL reference input and initiates the PLL 
‘synchronizationsequence. A high level selects the RD input and enables - 
the Read Mode/Address Mark Detection sequences. A low level selects the _ 
crystal reference oscillator. Pin RG has an internal resistor pull-up. 


WRITE GATE: Enables the write mode. Pin WG has aninternal resistor pull- 


up. 


WINDOW SYMMETRY LATCH: Used to latch the input window symmetry | 


control bits WSD, WSO and WS1 into the internal DAC. An active high level 
latches the input bits. Pin WSL has an internal resistor cea up. If unused, 


connect this pin to ground. 


WINDOW SYMMETRY DIRECTION: Controls the direction of the optional 


window symmetry shift. Pin WSD has an internal resistor pull- Ep: lf unused, 


this pin can be left open. 
WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 


shift of 1.5 % TORC (Read Reference Clock Period) in the direction © 


established by WSD. Pin WSO has an internal resistor aie up: If unused, 


" this pin can be left open. 


BIDIRECTIONAL PINS 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window | 


shift of 6% TORC (Read Reference Clock Period) in. the direction estab- 
lished by WSD. A low level at both WSO and WS1 will produce the sum of 
the two window shifts. Pin WS1 has an internal resistor pull-up. If unused, 
this pin can be left open. 


SOFT/HARD SECTOR: Selects the address narcand the Preamblodiold. 


patterns. A high level (Soft Sector) selects a 3T Preamble Field pattern and 
a non-violating 2, 7 address mark, N7V. A low level (Hard Sector) selects 
a 4T Preamble Field pattern and disables the address mark circuitry. Pin 
SOFT/HARD has an internal resistor pull-up. 


WRITE CLOCK: Write Clock input. Must be synchronous with the Write 
Data input on the NRZ Data Port. For small cable delays, WCLK may be 
connected directly to pin RRC (Read/Reference Clock). 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector and allows the VCO to coast. Pin EPD has an internal 
resistor pus up. 
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PIN DESCRIPTIONS (cont) 


TYPE DESCRIPTION 
WRITE DATA: Encoded write data output, active low. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the con- 
troller. Inthe read mode, this clock is the VCO frequency divided by two (1/ 
TORC) and in the write mode it is the crystal reference frequency divided by 
two (1/TORO). No short clock pulses are generated during a mode change. © 


i ADDRESS MARK DETECT: Inthe soft sector Read Mode, a latched low 


OUTPUT PINS 









level output indicates that an address mark has beendetected. Innon-Read 
modes AMD is configured as a high impedance output. 


SYNC DETECT OUTPUT: An active low output that indicates successful 
detection of the 3T Preamble sync field. THE SD0O pin is not a TTL level 
signal. ? 












ANALOG PINS 


TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay 
are a function of the current source into pin IREF. The current is set by an 
external resistor, RR, connected from IREF to VPA. 


a CRYSTAL OSCILLATOR CONNECTIONS: If a crystal oscillator is not 


desired, XTAL1 maybe driven by a TTL source with XTAL2 open. The 
frequency must be at twice the data rate. 


PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 


VCO CONTROL INPUT: Driven by the Loop Filter output. 





SYNC DETECT SET: Used to program the sync detect retriggerable one- 
shot timing with an external R-C network. Connect the capacitor, Cd, to VPA 
and the resistor, Rd, to AGND. 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the 
decode window symmetry; typically used to null out any window symmetry 
offset. A resistor connected from either RF or RS to AGND will provide 


magnitude and direction control. They can be used in conjunction with the 
digital control port WSD, WSO, WS1. 


SDS 


POWER 


DGND, AGND 
VPD 









DIGITAL AND ANALOG GROUND 
ANALOG +5V 


DIGITAL 45V | | | 












0689 3-33 


SSI 32D5322 


Data Synchronizer/ 
2, 7 RLL ENDEC 


OPERATION 


The SSI32D5322 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D5322 performs Data Synchronization, 
Sync Field Search and Detect, Address Mark Detect 


and Data Decoding. In the Write Mode, the SSI - 


32D5322 converts NRZ data into the 2,7 RLL format 


described in Table 1, it generates the Preamble Field, . 


and inserts Address Marks as requested. The inter- 
face electronics and architecture of the SSI 32D5322 


have been optimized for use as a companion device to - 


the SSI 32C452A or AIC 010 controllers. 


The SSI 32D5322 can operate with data rates ranging | 


from 7.5 to 15 Mbits/sec. This data rate is established 
by a single 1% external resistor, RR, connected from 


pin IREF to VPA. This resistor establishes a reference 


current which sets the VCO center frequency, the 
phase detector gain, andthe 1/4 cell delay. The value 
of this resistor is given by: 


RR =4386 - 1.2(Ka) 
DR | 


where: DR = Data Rate in Mbits/sec. — 
[* Note: This equation differs from 32D5321 RR equa- 
tion] 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
forthe PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
lfacrystaloscillatoris not desired, then an external TTL 


compatible reference may be ve, to XTAL1, leav- _ 


ing XTAL2 open. 


The SS! 32D5322 employs a Dual Mode Phase Detec- _ 
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. Inthe Read Modethe Harmonic . 


Phase Detector updates the PLL with each occurrence 
ofaDLYD DATApulse. Inthe Write and Idle Modes the 


Non-Harmonic Phase Detector is continuously en- . 


abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 


restart technique, false lock to DLYD DATA is elimi- 


nated. 
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The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude ofthe phase error. Figure 1 


depicts the average output current as a function of the 


input phase error (relative to the VCO period). 


The READ GATE (RG), and WRITE GATE (WG), 


‘inputs control the device mode as described in Table 2. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking seq- 
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 


enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de- 
code window is developed from the VCO clock. The 


_ decode window is generated from the falling edges of 


the VCO clock. By utilizing a fully integrated symmet- 
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym- 
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect mapping, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via'a uP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
feature, WSL should be connected to ground, while 
WSD, WSO, and WS1 can be left open. 
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Window shifts inthe range of 1.5% to +7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude ofthis 
shift, TSA is determined by: 
_680+R | 


TSA =0.125 TORC {1 - ~~ 
1180+R 


where: R is in ohms 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run ata 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associat- 
ed frequency step during acquisition. When the refer- 
ence input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


The SSI 32D5322 provides two sync modes for con- 
trolling the PLL locking sequence; Soft Sector and 
Hard Sector. 


SOFT SECTOR MODE 


The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D5322 requires 10 high to low transi- 
tions (Preamble ‘1’ bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
switching the Read Reference Clock to the VCO clock 
divided by two and activating the Address Mark Detect 
circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95 input ‘1’ bits until 
the read mode is successfully entered or until RG is 
cancelled. 
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When RG transitions high, the following PLL locking 
sequence begins: 


PREAMBLE SEARCH: 


The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
‘100’ bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 
1/4 cell delay and the retriggerable one-shot 
delay. The 1/4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a 4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. 


a) 


PLL ACQUISITION: 


Once 10 consecutive ‘100’ bit groups are de- 
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DLYD DATA, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis- 
tion begins. When an additional 38 ‘100’ bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
Clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
circuitry is enabled. Ifa4T detect pulse occurs 
before 48 Preamble ‘1’ bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re- 
started. No short duration glitches will occur at 
the RRC output during this switching. 


b) 


ADDRESS MARK DETECTION: 


The circuit searches for the occurrence of the 
5EAxie Address Mark. The 4T detect circuitry 
remains active, so that, during the search, 
once a 4T or longer bit cell time input period is 
detected, the address mark must be found 
within the next five counts of the read input 
pulses. Ifan Address Mark is detected prior to 


c) 





SSI 32D5322 
Data Synchronizer/ 
2, 7 RLL ENDEC 


Cc) ADDRESS MARK DETECTION (Continued) 


the Input Counter reaching count 80, the cor- 
rect phase of the RRC is ensured by resetting 
the n/2 divider, the AMD output is latched 
low, the PLL _ training se-quence is 
terminated, and the Read Mode is entered 
allowing the data field to be read. If the Input 
Counter reaches count 80 before the Address 
Mark is detected, the PLL is locked back to the 
crystal reference oscillator, the RRC output is 
switched to the crystal reference oscillator 
divided by 2, andthe PLL training sequence is 
restarted when the Input Counter reaches 
count 96. Figure 5 depicts the Address Mark 
- detection sequence. 


HARD SECTOR MODE 


In the Hard Sector mode (SOFT/HARD = 0) the SSI 
32D5322 utilizes a 4T (1000) Preamble Field and 
disables the Preamble Search and Address Mark de- 
tection circuitry. It allows the PLL to be controlled 
directly by RG for Hard Sector format operation. With 
the absence of an Address Maik, the 4T Preamble 
Field is utilized to properly set the bit cell alignment 
boundaries for proper decoding. 





When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 ‘1’ Preamble bits are 
detected, the RRC output. is switched to the VCO clock 
divided by 2, and the Read Mode is entered allowing 
the data field to be read. 


In the Hard Sector mode, the NRZ output is inverted 
‘and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components (Cd, 
Rd) are not required and the SDS pin can be left open. 


equivalent toan‘i1... 





WRITE OPERATION 


Inthe Write Mode the SSI 32D5322 converts NRZ data 
from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 32D5322 can operate 
with a soft or hard sectored disk drive. In the Soft 
Sector Mode, (SOFT/HARD = 1) the device generates 
a 3T Preamble Field and can insert a N7V Address 
Mark. The N7V Address Markisa valid 2, 7 RLL pattern 
which is not contained in the code set. In the Hard 
Sector Mode, (SOFT/HARD = 0) the'device generates 
a4T Preamble Field and no Address Mark. Serial NRZ 
data is clocked into the SSI 32D5322 and latched on 





defined cell boundaries. The NRZ input data must be 


synchronous with the rising edges of the WCLK input. 
In a SCSI or ST506 operation, WCLK is connected 
directly to the RRC output. 


‘SOFT SECTOR MODE 


In the Soft Sector Mode, when WRITE GATE (WG), 

transitions high and the NRZ input is.held low, the SSI 
32D5322 automatically generates th the 3T (100) Pre- 
amble Field at the WRITE DATA (WD), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit ‘1’ of the 516(0101) in the 5EAx1e Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D5322 automatically changes the ‘1’ 
in the eleventh position (see note 3).of the 2, 7 RLL 
encoded sequence, to a ‘0’. This generates a pattern of 
seven zero's followed by two zero's. This unique pat- 
tern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. The xie of 
the 5EAxie Address Mark generation pattern can be 
selected, a ‘Cie’ (1100) was utilized in this example. 


HARD SECTOR MODE 


In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 32D5322 automatically 
generates the 4T (1000) Preamble Field at the WRITE 


DATA, WD, output. Note that inthe Hard Sector mode, 


the NRZ input is inverted, therefore a constant low is 
"input which generates the 4T 
‘1000...’ Preamble Field. The 4T Preamble Field will 
be generated between the time WG goes high and the 
first low to high transition on the NRZ line. The 
32D5322 requires a minimum of 32 4T (1000) bit 


groups prior to the data field. 
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2,7 RLL 
0100 


1000 





TABLE 2: Mode Control 





TABLE 3: Decode Window Symmetry Control 
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AVERAGE 


AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT 


@ ERROR 


a) HARMONIC MODE : ae b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 


2,7 RLL DATA 


1/4 CELL 
VCO 


RRC 
(DECODE WINDOW) 
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ENABLE 


FIGURE 2: Data Synchronization Waveform Diagram 
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DLYD 
DATA 


vcO 


RRC RRC 
(DECODE (DECODE 
WINDOW) WINDOW) 


(a) EARLY (b) NORMAL (c) LATE 





FIGURE 3: Decode Window 


3T (100) PREAMBLE FIELD ADDRESS FIELD 


RG 


pete POO OOOO DO DNDOOX DIK 
XTAL 
2 
al DLYD DATA 


ADDRESS MARK 9 
DETECT ENABLE 


VCO RESTART 2 | | | ‘| | | 


2 Vvco 
RRC SOURCE XTAL 


Notes: 1) Dashed lines represent conditions where AMD did not occur 
2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 





FIGURE 4: Soft Sector Mode Timing Diagram 
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vco OuT?" 


RRC 


DECODED — 
DATA 


2* é 
—_————_—_—_—_———_ SYNC FIELD ———_————_» | «—______ Ag ——>| +______ C16! Sa 


Notes: *1) These four bits can be any combination, C16 (1100) was selected in this example 
*2) The 5E16 of the 5EAx16 Address Mark is not read back 
*3) Representations of internal signals 


FIGURE 5: Address Mark Detection and NRZ Output Waveform 


4T (1000) PREAMBLE FIELD. | | ___——siDATAFIELD FIELD 


, RG: : | 3 ; as : 
PLL REF? ay | : - 
DLYD DATA = ; 
VCO RESTART? | | [ | 


RRcsource? YOO ae , _ | 
| XTAL | | | 


; NAZ SS ere POOODOOOODO} 
INPUT COUNTER th 


0 4 32 


Notes: 1) Dashed lines represent a high impedance output state. 
2) Representations of internal signals | 


FIGURE 6: Hard Sector Mode Timing Diagram 
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31 32 
INPUT COUNTER 


| 1 }o]o|o 1}o]olo 1folols]ofofo{s]of{o]1Jo]ojofofo]ol1| ofo| 


ENCODED 2, 7 DATA 


RD 





DLYD DATA’ 


VCO OUT" 
XXKRKXOOOOCO 
DECODED NRZ DATA 


NRZ OUTPUT? 


Notes: *1) Representations of internal signals 
*2) In hard sector mode the NRZ output is inverted 





FIGURE 7: Hard Sector Mode Decode Timing 


+ 54, > + Eg. ——___— —_———_ Ag, ——> X46 ———_> +———— DATA ———> 
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ote 0 Beef a Uitoe eas PC tae | cael ae Moai ari see ae oe sora as: ae) ors, saps | -see"y coma ok «| 


NRZ 
vco ouT2" 
RRC (WCLK). 


WD tt 
[nee | 


ewoompex |olsfole|+lele|slel el +lele|+{elelel=telole|sfolel slel elelsielelstelolelelelels| 


Notes: “1) X16 can be any combination, C16 (1100) was selected in this example 


*2) Representations of internal signals 
*3) Deleted ouput pulse to encode Address Mark 





FIGURE 8: Write Address Mark Generation 
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SSI 32D5322 
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ABSOLUTE MAXIMUM RATINGS | 


Junction Operating Temperature 
Supply Voltage, VCC 
Voltage Applied to Logic inputs. 


Maximum Power Dissipation 


DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 
< 5.25V, TA = 0°C to 70°C, 7.5MHz < 1/TORC < 15MHz , 15MHz < 1/TVCO < 30MHz 


CONDITIONS | MIN | 
VIH, High Level input Voltage | | 

























oe 
ViL,Low Level input Votage | | 
IIH, High Level Input Current PVIH=27V0—C—(i‘ ; ;]OS*d;*<‘(it 
pMibzoav | 20.96 | ma 


IIL, Low Level Input Current VIL = 0.4V 


2.0 

VOH, High Level Output Voltage | IOH=-400HA eae a a ae 
VOL, Low Level Output Voltage | IOL=4mA Ls 

ICC, Power Supply Current All outputs open — a 165 


DYNAMIC CHARACTERISTICS AND TIMING 
READ MODE (See Figure 9) 


TRD, ReadDataPulsewidth [| 
TFRD, Read Data Fall Time 2.0V to 0.8V, CL< 15 pF 











TRRC, Read Clock Rise Time 0.8V to 2.0V, CL < 15pF 
TFRC, Read Clock Fall Time 2.0V to 0.8V, CL < 15pF 


ae 
aah 
bees 
feed 












Propagation Delay | | | 

TPAMD, AMD © ) 

Propagation Delay 

1/4 Cell + Retriggerable 

One-Shot Detect Stability | 

1/4 Cell + Retriggerable TD=5.7(RR+1.2)+0.14Rd(Cd+Cs) 


One-Shot Delay (see note) Cs=Stray capacitance, RR = KQ 
| | ~ Rd = KQ, Cd = 68pF to 100pF 


Note: Excludes External Capacitor and Resistor Tolerances 





-4 
-15 
-4 % 


8 
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WRITE MODE (See figure 10) 


PARAMETER CONDITIONS | MIN =| = MAX —|_sUNIT 
TWD Write Data Pulse Width | CL <15pF (TORO/2) -12 | (TORO/2) +12 






TFWD Write DataFallTime | 20Vtoosv,cL<15pF | § | 8 | 
TOWC Write Data Clock TORO -12 TORO +12 
Repetition Period 
TRWC_ Write Data 0.8V to 2.0V 10 
Clock Rise Time 


TFWC Write Data 


Clock Fall Time 
TSNRZ NR2Z (in) Set Up Time 
THNRZ NRZ (in) Hold Time 
VCO IN = 2.7V 0.8TO 1.2TO © 
TO = 1.14 E-11 (RR + 1200) 
VCC = 5.0V 
1.0V < VCO IN < VCC -0.6V +27 +40 
VCC = 5.0V 
wo = 2n/TO 0.1400 0.20w0 _tad_ 
1.0V < VCO IN < VCC -0.6V sec-V 
KD Phase Detector Gain KD = 0.309 / (RR + 500) 0.83KD 1.17 KD A/rad 
VCC = 5.0V 
KVCO x KD Product +28 
Accuracy 


Sec 
% 
r 
on - 
sec 
sec 


























DATA SYNCHRONIZATION 










TVCO VCO Center Frequency 
Period 







VCO Frequency 
Dynamic Range 


KVCO VCO Control Gain 












-2 
0 





(TORC/2)-2 





0.85 TS1 


Decode Window + (0.01 
Centering Accuracy TORC+2) 
Decode Window 
TS1 Decode Window Time TS1 = 0.015 TORC 1.15 TS1 
Shift Magnitude 
| TS2 Decode Window Time TS2 = 0.06 TORC 0.90 TS2 1.1 TS2 
Shift Magnitude | | 
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DATA SYNCHRONIZATION (Continued) | e 
PARAMETER CONDITIONS | MIN | UNIT 


TS3 Decode Window Time TS3 =0.075TORC 0.90 TS3 | 1.1TS3_ sec 
Shift Magnitude | | eee 
TSA Decode Window Time TSA =0.125TORC (1 . 680+R | 0.65 TSA | 1.35TSA Sec 






















Shift Magnitude 1180+R 






with: R in ohms 






CONTROL CHARACTERISTICS (See figure 11) 


TSWS, WSO, WS1, WSD 
| Set Up Time 


THWS, WSO, WS1, WSD 
Hold Time 


RG, WG, SOFT/HARD 
Time Delay ee 





NRZ (OUT) | 





FIGURE 9: Read Timing 
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REFERENCE 
OSCILLATOR 





NRZ (IN) 





FIGURE 10: Write Timing 





FIGURE 11: Control Timing 
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IREF VPA VPD EPD PD of | VCOIN RF RS WS0! WSL 
hes ee OS coe a | | FJ . 










REFERENCE CURRENT 
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REFERENCE 
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FIGURE 12: SSI 32D5322 Typical Application 
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PACKAGE PIN DESIGNATIONS 





(Top View) 
Q 
oc 
: 
we [I 1 SOFT/HARD i, F m 
Oo fA a & 6 C2 ¢« 
VPA2 2 WD ce MH > S&S © SF S 
Spo 0 3 vPD . 
ROT 4 XTAL2 RG Is N XTAL2 
RG U5 XTAL1 SDS [16 H XTALI 
sps [| 6 DGND 
EPD [17 1 DGND 
Epp [| 7 RRC 
nc [| 8 WCLK N/C 8 1 ARC 
vcoin [| 9 NRZ VCO IN [9 | H WCLK 
PD OUT AMD PD OUT [10 NAZ 
AGND WSL 
AGND [11 AMD 
RS WSD 
i oe gg 
IREF Wwso cee €¢ ses 
28-pin DIP 28-pin PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 
32D5322-CH 


SSI 32D5322 28-pin PLCC SSI 32D5322-CH 
SSI 32D5322 28-pin Plastic DIP SSI 32D5322-CP 32D5322-CP 
















No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
RETEST SE ET TELE SL TEN IEE EO TIT TT LEE EET EA CERT. TIE ET IT I eT EIEN EE I TE ED ET TI EE I SEA IE ET PETES EE LOPE LE EET ATT NE TEE TEC EEE LO ERIE EL ET ID SE IR EEE ETE ELIT LE EE SE OO EEE 
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June, 1989 
32D5321 Pin DIP 32D5322 Pin DIP 
wa [] 1 we [] 1 SOFT/HARD 
VPA [] 2 vPA2 [] 2 WD 
sdo0 {J 3 SD0 {f 3 VPD 
AD [| 4 RO 0] 4 XTAL2 
RG J] 5 Ra U5 XTAL1 
sos J 6 sos U 6 DGND 
EPD [| 7 EPp U 7 RRC 
Nc J 8 nc [| 8 WCLK 
VCOIN [] 9 vco In U 9 NRZ 
PD OUT Pp out [] 10 AMD 
AGND AGND [11 WSL 
RS Rs U 12 wsD 
RF RF [] 13 WSi 
IREF IREF L| 14 WSO 
BLOCK DIAGRAM 
IREF VPA VPD DGND AGND EPD oor Ww RF RS WSD WSi WSd0 WSL 


7 
WINDOW SHI 
REGISTER & D/A 


1 
we Ly CELL PHASE 
DELAY DETECTOR 
MUX RAC 
VEO 
RESTART 
r}—1 CRYSTAL Pe ey 
REFERENCE 


OSCILLATOR ’ 
Cepe Wee eae a ll dis 
WG 


SYNCHRONIZER 


AMD 
SOFT/HARD 


NARZ 
SYNCHRONIZER 2,7 RLL past 
ENCODER ADDRESS 
MARK 
<————|_ GENERATOR 


WCLK 


7 | . CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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APPLICATIONS INFORMATION 
REFERENCE OSCILLATOR | 


An internal reference oscillator, operating at twice the data rate, generates the standby reference for the PLL. A 
series resonant crystal between XTAL1 and XTAL2, should be selected at twice the Data Rate. If a crystal 
oscillatoris not desired, then an external TTL compatible reference may be applied to XTAL1, leaving XTAL2 open. 


An R-C network is employed on the demonstration board for operation with the crystal oscillator. The purpose 
of this network is to minimize the coupling of noise into the clock. The 3KQ resistor from XTAL2 to ground helps 
to speedup the oscillator transitions, while the R-C network from XTAL1 to ground lowers the impedance to reduce 
capacitive coupling effects. In applications utilizing a TTL compatible reference signal, this network should be 
removed : | 


If it is desired to operate a crystal at a non-fundamental or harmonic frequency, then the following network is 
suggested: 





XTAL 1 XTAL 2 é. 
24] | 25 
= Op = nF, = ae 
0.01 uF 
Qo = Wp © Rin 


The typical input impedance looking into XTAL1 is approximately Rin = 250Q. It is recommended to design the 
value of Qo at approximately 10 to 15. Therefore, a resonant frequency of Fo = 20MHz would result in L = 0.16uWH 
and C = 380pF. | : 


If a crystal oscillatoris not desired. Then an external TTL Compatiable reference may be applied to XTAL1 leaving 
XTAL2 open. It is recommended, however that the TTL signal be attenuated then A.C. coupled into XTAL1 
(Pin 17) using the following network: 


- 620 Q 0.1 pF 


ie XTAL1 





TTL CLOCK INPUT 


The signalamplitude into XTAL1 should be attenuated to approximately 1.0 Vp-p; this willinsure that the transients 
= associated with TTL switching characteristics won't couple into the SSI 32D5321/22 and degrade performance. 
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LOOP FILTER 


The performance of the SSI 32D5321/22 is directly related to the selection of the loop filter. The loop filter 
characteristics should be optimized for: 


(A) Fast Acquisition 


The ability of the loop to quickly obtain lock when the input signal to the Phase Detector is switched 


between the reference oscillator (crystal) and the Read Data (RD). Fast acquisition implies a large loop 
bandwidth so that it can quickly respond to changes at the input. 


(B) Data Margin 


The ability of the loop to ignore bit shifts (jitter) and maintain a well centered window about the data pulse 
train. In general, it is not desirable to allow the loop to respond to a single shifted bit as this would cause 
the subsequent bit to be poorly centered within its window and possibly cause anerror. This requirement 
implies a small loop bandwidth reducing the sensitivity to high frequency jitter. 


(C) Data Tracking 


The ability to respond to instantaneous changes in phase and frequency of the data. This can be a result 
of such phenomena as disk rotational speed variations which cause changes in the characteristics of the 
incoming data stream. In general, this requirement is consistent with that of fast acquisition, however, this 
depends upon the application. 


Although the loop performance characteristics place conflicting requirements on the loop bandwidth, the 
architecture of the SSI 32D5321/22 significantly simplifies the design by minimizing the “step in phase” and “step 
in frequency” encountered when switching the Phase Detector input reference signal. A zero phase restart 
technique is employed to minimize the initial phase error while the standby reference oscillator keeps the VCO 
at the center frequency during non-read modes. | 


One approach in determining the initial loop filter selection is to consider the requirements imposed during 
acquisition. This includes both acquiring lock to the crystal reference in non-read modes, as well as locking to the 
preamble field prior to decoding data. The format of the sector will dictate which of these two criteria imposes the 
tightest restriction on acquisition. 


The requirements for acquiring lock to the crystal oscillator are application specific and usually depend upon the 
length of the Write Splice gap. Therefore, the design approach employed in this analysis will be based upon the 
requirements during acquisition to the preamble field. The length (in time) of the preamble field is set by the SSI 
32D5321/22 locking sequence. Knowing this length in time, and that ourinitial phase erroris less than 0.5 radians, 
we can determine an acceptable loop bandwidth (an) and damping factor (C). 
One possible loop filter configuration is as follows: 

lin 


O 
+ 


Cy 
Vout 
: " T* ¢ 
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The role of C1 is as anintegrating element. The larger this capacitance, the longer the acquisition time; the smaller 
the capacitance, the greater the ability to track high frequency jitter. The resistor R reduces the phase shift induced 
by C1. The capacitor C2 will suppress high frequency transients and will have ee effect on the loop EESRONSE 
if it is small relative to C1 (typically C2 = C1/10) , 3A 


The loop filter transfer function is: 


F (s) = Vout _ 1+sRC, 
lin sC;(1+sC. R+Co/C,) 
If C2 << C1, then: F (g) = Vout -14+sRC, 
S) = SS Sa 
lin sC, 


The overall block diagram for the phaselock loop can be described as: 
Where, 


KVCO 






+ | , 
@in(s) —b@—| Ko |—>] Fs) |—> 8 out (s) 


KD = Phase Detector gain [A/rad] 
F(s) = Loop filter impedance [V/A] 
KVCO/s = VCO control gain [rad/sec-V] 
N = The ratio of the reference pul mequency to the VCO output frequency 


The closed loop transfer function is; | 
ee a KD *«KVCO[(1+sRC, )/C, ] 
gin(s) 1+GH(s) N-KD-KVCO 
Cc 


4 


TCs) = 
s° s[N*KD*KVCO+R]+ 


by putting the characteristic equation (denominator) in the form of; 
2 


2 
| S +2sCq@mn+on 
we can solve for wn and € to get; 
2 _N*KD*KVCO. N+*KD+KVCO-R 
go =e EEE eee 
C1 | 2cpn | 
Now we can solve for R, C1 and C2: 
»KD> 2 os 
1 = N*KD+KVCO © penn c, =o! 
2 N*KD*KVCO 10 


qn 


where: con =loop bandwidih 
C= loop damping factor 
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Because of the nature of Run Length Limited (RLL) codes, the Phase Detector will only be enabled during a data 
pulse. This technique allows the VCO to run at acenter frequency with period, TVCO, equal to one encoded data 
bit cell time. 


Figure 1 represents the relationship between the VCO output when locked to various Phase Detector input 
signals. 


—| TVCO kF— 
VCO OUTPUT 8 





REFERENCE OSCILLATOR 
INPUT 


'3T' INPUT 


—'4T INPUT 


‘BT’ INPUT 





FIGURE 1: Relationship of VCO Output to Phase Detector Input 


The average amplitude of the Phase Detector gain depends upon the Phase Detector input signal. When the PLL 
is locked to the reference oscillator, the Phase Detector is continuously enabled and the gain is at its maximum. 
When the PLL is tracking data and the input is an "8T" pattern, then the Phase Detector gain is at its minimum. 
The following indicates the value of "N" for various input conditions: 


N = 1.0 , for 8in = reference oscillator 


N=0.33 __, for in = 3T (100) preamble field (maximum data frequency) 
N=0.25 _ , for €in = 4T (1000) preamble field 
N=0.125 __, for Gin = 8T (minimum data frequency) 


Throughout this analysis the PLL has beenconsidered as a continuous time system. In actuality the characteristics 
of the Phase Detector result in a sampled data system. By utilizing an integrating loop filter to average and smooth 
the Phase Detector change pump output pulses, this analogy should be reasonable. 
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LOOP FILTER - Example for a 10Mbit/sec Soft Sector Application 


Inthe Soft Sector mode the PLL locking sequence allows the VCO to be within a determined amount of error after 
38 x ‘3T’ (100) bit groups. At 10Mbit/sec each data bit cell time, TVCO, is equal to 50nS. This results in: 


tmax = (38) (3) (50nS) = 5.7us 


Therefore, the PLL has 5.7uS to settle to within an acceptable amount of error before tracking and decoding data. 
Because the SSI 32D5321/22 employs a zero phase restart technique, the initial phase erroris less than8% TORC 
(0.5rad) or: | 


,8 e < (0.08)(100ns) 
,e<8ns 


Determining an acceptable amount of phase error after locking to the preamble field depends upon the system 
requirements. In addition, it may be necessary to consider the effects of frequency steps in applications where 
motor speed control tolerances are significant. Generally, an acceptable amount of error is defined to be that 
amount which when added to all other timing error contributors, results in the data being within its timing window 
by the required margin. | 


In general, it is desirable to have the loop damping factor “C” between 0.5 and 1.0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. For this example we will let ¢ = 0.7. 


Figure 2 represents the phase errors response in time to a transient step in phase as a function of the loop 
bandwidth and damping factor. Figure 3 indicates the response of the VCO control voltage to compensate for this 
step in phase. 


—— 
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FIGURE 2: Transient Phase Error §e(t) Due To a Step In Phase A0 
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As shown in Figure 2, with C = 0.7, our initial transient phase error will be at most 22% of its original value at wnt 
= 2.3, 7.5% at wnt = 4.0, etc. For this example we want the final phase error to be less than 1% of its original level. 
This results in a ont between 5 and 6. To simplify the results, let wnt = 5.7. 


Now, ont = 5.7 
and tmax = 5.7uUs 

“.@n= 1.0* 10° rad/sec 
with Coy O27 





Since we are evaluating the loop response during acquisition to the ‘3T’ preamble, N = 0.33. 


Now we have all the information required to calculate the loop filter component values. 


RR = 3567Q RR = 3.01 KQ 
jn = 1.0 ° 10° rad/sec @n= 1.0 ° 10° rad/sec 
C= 0.7 C= 0.7 
KD(typ) = 0.309/(RR+500) = 7.6 « 10° A/rad KD(typ) = 0.309/(RR+500) = 8.5 « 10° A/rad 
KVCO(typ) = 0.17mo = 0.17(2n)/T0 = 2.14 + 10’ KVCO(typ) = 0.17@0 = 0.17(2n)/TO = 2.22¢ 10’ 
rad/sec-volt . ~ -- yad/sec-volt 
N = 0.33 N = 0.33 
___26@N nego p-— 25" 5 y70KO 
N*KD *«KVCO N*KD *«KVCO 
con oon 
C, C, 
CL = 7 =O4PF CL = 75 = O4PF 
PD OUT O VCO IN PD OUT VCO IN 


537 pF | 644 pF 


a T 54 pF 21720 T 64 pF 
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FIGURE 3: Transient Phase Error 6e(t) Due to a Step In Frequency Aw | 


This loop filter configuration and its component values should be considered a starting point. The final value of 
wn depends upon the system requirements and can certainly be optimized for a specific application. In the table 
below, we have listed some suggested external component values for several common data rates. 


32D5321 


DATA RATE | DAMPING | LOCK TIME 
(Mbi/SEC) | FACTOR, t bis (HS) 
32D5322 
DATA RATE | DAMPING | LOCK TIME 
(Mbi/SEC) | FACTOR, Imax (uS) 












BANDWIDTH EXTERNAL COMPONENT VALUES 
con( 28 tae RR(KQ) | Cd(pF) | Rd(KQ) | R(KQ) Cy (pF) | Co (pF) 

















BANDWIDTH EXTERNAL COMPONENT VALUES 
rad 
On (ec) | RR(KQ) | Cd(pF) | Rd (Ka) Cy (pF) | Co (pF) 





LAYOUT CONSIDERATIONS 


As with other high frequency analog devices the SSI 32D5321/22 requires care in layout. The designer should 
keep analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along 
with supply bypassing to separate the SSI 32D5321/22, and associated circuitry, from other circuits on the PCB. 
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PACKAGE PIN DESIGNATIONS 


(TOP VIEW) 


= 
G) 


2 
3 
4 
5 
6 
7 
8 
9 


IREF 


<< 
e B = g 
Ce aan 


SSI 32D5321 
28-Pin DIP 


E 
Le 
oO 
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PD OUT {J 10 


AGND Q] 11 
16 


=a = [—] 7a 

N ue tL Nad 

rec ww B 
x 









SOFT/HARD 


VPD 
XTAL2 


r] RRC 


1) NRZ 


17 


a - 
2 3 


SSI 32D5321 
28-pin PLCC 


Ll] XTAL2 


1) XTAL1 


1} DGND 


1) WCLK 


1 AMD 








wa [J 1 SOFT/HARD 
vPA2 [| 2 WD 
spo TJ 3 VPD 
RD {J 4 XTAL2 
RG 5 XTAL1 
sos [J 6 DGND 
EPD U 7 RRC 
Nc [J 8 WCLK 
vcoIN [| 9 NRZ 
PD OUT [] 10 AMD 
AGND [] 11 WSL 
Rs { 12 WwSD 
RF { 13 Wwst 
IREF [] 14 Wwso 
SSI 32D5322 
28-pin DIP 
E 
eBéEgses 
82726 


RG {| 5 |] XTAL2 
SDS 9 6 r) XTAL1 
EPD 4 7 1} DGND 
NC 8 [} RRC 


VCOIN 9 9 [|] WCLK 






PD OUT {J 10 


AGND {] 11 AMD 
15 16 17 
SSI 32D5322 


28-Pin PLCC 
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in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32D534A Data Synchronizer/MFM ENDEC is 
intended to provide data recovery and data encoding in 
storage systems which employ an MFM encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL and encoding is 
performed in soft/hard sector formats with optional 
write precompensation through the internal delay line. 
The SSI 32D534A has been optimized for operation as 
a companion device to the SSI 32C452 and the AIC 
010 family of controllers. The frequency setting ele- 
ments are incorporated within the SSI 32D534A for 
enhanced performance and reduced board space. 
Data rate, adjustable from 5 to 10Mbits/sec, is estab- 
lished with a single external programming resistor for 
Direct Sync operation or with two external resistors for 
Auto Sync operation. 


The SSI 32D534A utilizes an advanced bipolar proc- 
ess technology that affords precise decode window 
control without the requirement of an accurate 1/4 cell 
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FEATURES 


¢ Data Synchronizer and MFM ENDEC 
¢ 5to10 Mbits/sec operation programmed witha 
single external resistor 


¢ Optimized for operation with the SSI 32C452 
and AIC 010 family of controllers 

¢ Programmable decode window symmetry viaa 
uP port and/or analog pins 

¢ Programmable write precompensation 

¢ Fastacquisition phase locked loop - zero phase 
restart technique 

e Fully integrated data separator - no external 
delay lines or active devices required 

e §6©+5V operation 


¢ 28 pin DIP and PLCC packages 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (Continued) 


delay or external devices. To enhance disk drive calibration, systematic error cancellation, and window 

testability, decode window symmetry controlis avail- | margintesting. A zero phase restart technique is used 

able through a digital microprocessor portand/ortwo — to minimize PLL acquisition time. The SSI 32D534A 

analog pins. This feature can facilitate automatic requires a single +5V power supply and is available in 
*3 . wp 28-pin DIP and PLCC packages. | 


PIN DESCRIPTION 
INPUT PINS - 


DESCRIPTION 


READ DATA. MFM encoded Read Data from the disk drive read channel, active low. 


READ GATE. Selects the PLL reference input and initiates the PLL synchronization 
sequence. A high level selects the RD input and enables the Read Mode/Address Mark 
Detection sequences. A low level selects the crystal reference oscillator. 


| WINDOW SYMMETRY LATCH. Used to latch the input window symmetry control bits 
WSD, WSO and WS1 into an internal DAC. An active high level latches the input bits. 


WINDOW SYMMETRY DIRECTION. Controls the direction of the optional window 
symmetry shift. 


WINDOW SYMMETRY CONTROL BIT. A low level introduces a window shift of 1.5% 
of TORC (Read Reference Clock Period) in the direction established by WSD. 


WINDOW SYMMETRY CONTROL BIT. A low level introduces a window shift of 6% of 
TORC (Read Reference Clock Period) in the direction established by WSD. A low level 
at both WSO and WS1 will produce the sum of the two window shifts. 


ENABLE WRITE PRECOMP/AUTO SYNC MODE. Selects the synchronization se- 
quence required in order to enter Read Mode, a low level selects the Auto Sync Mode. 
In the Write Mode, a high level enables write precompensation. 


DESCRIPTION 


WRITE DATA. MFM encoded write data output, active low. Precompensationi is enabled 
with the EWC/ASM input pin. 


READ/REFER ENCE CLOCK. A multiplexed clock source used by the controller. Inthe 
read mode, this clock is the VCO frequency divided by two (1/TORC) and in the write — 
mode it is the crystal reference frequency divided by two (1/TORQ). 
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PIN DESCRIPTION (Continued) 
“BIDIRECTIONAL PINS 


DESCRIPTION 


NRZ DATA PORT. Read data output when RG is high and write data input when WG 
is high. 


WRITE ADDRESS MARK/ADDRESS MARK DETECT. In the Write Mode, used to 
delete clock/data pulses inthe MFM encoded output stream, WD, active low. Inthe Read 
Mode, a latched low level output indicates that an address mark has been detected. 


~ ANALOG PINS 


DESCRIPTION | : 


TIMING PROGRAM PIN. The VCO center frequency, 1/4 cell delay and the 1F Detect 
Retriggerable One Shot timing is a function of the current sourced into pin IREF. The 
Current is set by an external resistor, RR, connected from IREF to VCC. 


IREF 










XTAL1, XTAL2 CRYSTAL OSCILLATOR CONNECTIONS. If a crystal oscillator is not desired, XTAL1 
may be driven by a TTL signal with XTAL2 open. The frequency must be at twice the data 


rate. 













PD OUT PHASE DETECTOR OUTPUT. Drives the Loop Filter input. 


VCO IN 






VCO CONTROL INPUT. Driven by the Loop Filter output. 


1F DETECT SET. Used to program the 1F detect timing with an external resistor, RT, 
connected from pin 1FS to ground. The 1F Detect period is the sum of the 1/4 cell delay, 
TQC, plus the Retriggerable One-Shot delay, TOS, and is normally set to 1 1/4 bit cell 
times. | 


1FS 





WINDOW SYMMETRY ADJUST PINS. Provides analog control over the decode 
window symmetry; typically used to null out any window symmetry offset. A resistor 
connected from either RF or RS to ground will provide magnitude and direction control. 
They can be used in conjunction with the digital control port WSD, WSO, and WS1. 


RF, RS 






PRECOMP SET. Pin for R-C network to program write precompensation early and late 
times. Connect the capacitor, CPC, to VPA and the resistor, RPC, to either ground. 


VPD, VPA DIGITAL and ANALOG +5V. 





y 
‘?) 
Hg lf 


DGND, AGND DIGITAL and ANALOG GROUND. 
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FUNCTIONAL DESCRIPTION 


The SSI 32D534A, a high performance data synchro- 
nizer and MFM ENDEC, performs data separation, 
data encoding with optional write precompensation, 
Preamble detection, and Write Address Mark/Address 
Mark detection. The interface electronics and the 
architecture of the SSI 32D534A has been optimized 
for use as a companion device to the SSI 32C452 or 
AIC 010 type Storage Controllers. It includes a zero 
phase restart PLL for fast acquisition, a crystal refer- 
ence oscillator, the write precompensation delay line, 
a multiplexed Read/Reference clock output, and a bidi- 
rectional NRZ data interface. 


Data rate is programmed with a single 1% external 
resistor, RR, connected from pin IREF to VCC, given 
by: ; 
RR = 39-67 _ 9.5 (Ko) 
: DR 
Where: 


DR = Data Rate in Mbits/sec. 
RR = KQ 


Resistor RR establishes a reference current which 
controls the VCO center frequency, the phase detector 
gain, the 1/4 cell delay and, indirectly, the decode 
window shift (RF, RS). 


The internal crystal reference oscillator, operating at 


twice the data rate, generates the standby reference 


input to the PLL. This minimizes the frequency step 
and the associated acquisition time encountered when 
locking the PLL onto Encoded Read Data. Addition- 
ally, in non-Read modes the RRC (Read Reference 
Clock) output is generated from the reference oscillator 


divided by two. A series resonant crystal at twice the | 


data rate should be used. If a crystal oscillator is not 


desired, an external TTL compatible reference may be 


applied to XTAL1 with XTAL2 open. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 


dow. Read Gate, RG, initiates the PLL locking se- | 


quence and selects the PLL reference input, a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


The SSI 32D534A provides two sync modes for con- 
trolling the PLL locking sequence, Auto Sync and 
Direct Sync. The Auto Sync mode provides preamble 
search and address mark detection while the Direct 
Sync mode provides direct control over the input to the 
PLL. These modes extend the applicability of the SSI 
32D534A to a variety of controller and interface re- 
quirements. The appropriate mode should be selected 
for the given application, see Table 1. 


TABLE 1: Mode Control | 





(X = Don’t Care) 


AUTO SYNC MODE 


The Auto Sync mode, typically used for Soft Sector for- 
mats, activates the preamble search and address mark 
detection circuitry. As depicted in Figure 1, the SSI 
32D534A requires16 continuous preamble bits before 
switching the reference input to the PLL, 64 preamble 
bits before switching the Read Reference Clock to the 
VCO clock divided by two, and a detected address 
mark prior to an additional 64 input bits in order to enter 
the Read Mode. This sequence repeats after 160 input 
bits until Read mode is successfully entered oruntil RG 
is cancelled. | 


When RG transitions high, the following PLL locking 
sequence begins: 


a) PREAMBLE SEARCH: The SSI 32D534A 


searches for 16 continous preamble bits. The Pre- 
amble fields consist of a stream of MFM encoded 
0’s. The sumof the delays from the Re-triggerable 
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READ DATA 16 X'4E 


1F DETECT 2 


PLL REF. ales 
DLYD DATA 


ADDRESS MARK 2 
SEARCH ENABLE 


VCO RESTART 2 


vco 
XTAL 


RRC SOURCE 


AMD 


PLL LOCKING 
SEQUENCE ENABLE 2 


INPUT COUNTER 


0 16 


PREAMBLE FIELD 
13 X '00' 


SSI 32D534A 
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ADDRESS FIELD 


NOTE 1: Dashed lines represent conditions under which AMD does not occur. 
NOTE 2: Representations of internal signals 





FIGURE 1: Auto Sync Mode Waveform Diagram 


One Shot, TOS, and the 1/4 Cell Delay, TQC, is set 
to 1 1/4 bit celltimes with the external programming 
resistor, RT. The Preamble stream has a pulse 
rate of 1 bit cell time (2F frequency) which continu- 
ously resets the one-shot while a 2 bit cell period 
(1F frequency) allows the one-shot to time out pro- 
ducing a 1F detect pulse. The 1F detect pulse re- 
sets the Input counter and the search is started 
over. 


PLL ACQUISITION: When 16 continuous pre- 
amble ‘0’ bits are detected, the reference input to 
the PLL is switched from the crystal reference 
oscillator to the DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, PLL acquisi- 
tion begins, and the VCO clock divider is reset. 
When 64 ‘0’ preamble bits are detected, the Read 
Reference Clock output (RRC) is switched to the 
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VCO clock divided by 2, and the Address Mark 
Detection circuitry is enabled. If a 1F detect pulse 
occurs before 64 preamble bits are detected, the 
PLL is locked back to the crystal reference oscill- 
ator, the RRC output is switched to the crystal 
reference oscillator divided by 2, the Input Counter 
is reset, and the sequence is restarted. No short 
duration glitches will occur during this switching. 


ADDRESS MARK DETECTION: The circuit 
searches for the occurrence of the Address Mark. 
The 1F detect circuitry remains active so that, dur- 
ing the search, once a 1F is detected, the Address 
Mark must be found within the next five counts of 
the Read Data input pulses. If an Address Mark is 
detected, prior to the Input Counter reaching count 
128, the WAM/AMD output is latched low, the PLL 
training sequence is terminated, and the Read 
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DECODED 
DATA 


AMD 


ADDRESS MARK 
BYTE 


NOTE: NRZ output data cells are clocked out on the falling edges of RRC. 
They are delayed 1 data cell relative to the input data. 


FIGURE 2: Address Mark Detection and NRZ Waveform Diagram 


AUTO SYNC MODE (Continued) 


Mode is entered allowing the data field to be read. 
If the input counter reaches count 128 before the 
Address Mark is detected, the PLL is locked back 
to the crystal reference oscillator, the RRC output 
is switched to the crystal reference oscillator di- 
vided by 2, and the PLL training sequence is 

~ restarted when the Input Counter reaches count 
160. Figure 2 depicts the Address Mark detection 
sequence. 


DIRECT SYNC MODE 


Direct Sync Mode disables the preamble search and 
address mark detection circuitry. It allows the PLLto be 
controlled directly by RG, for Hard Sector format opera- 
tion. : | 


When RG transitions high, the reference input to the 
PLL is switched from the crystal reference oscillator to 
DLYD DATA, the VCO is phase reset to the next DLYD 


DATA pulse, PLL acquisition begins, the VCO clock 


— divider is reset, and the RRC output is switched to the 


VCO clock divided by 2. 


Read Gate, RG, is an asynchronous input and may be 
initiated or terminated at any position on the disk. Ter- 
minating RG locks the PLL to the crystal reference os- 
cillator and switches the RRC output to the crystal 
reference oscillator divided by 2. | 


In non-Read modes the PLL is locked to the crystal ref- 
erence oscillator. This forces the VCO to run at a fre- 
quency that is very close to that required for tracking 
actual data and thus minimizes the associated fre- 
quency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily and then restarted in an accurate phase 
alignment with the next PLL reference input pulse and 
the VCOclock divideris reset. By minimizing the phase 
misalignment inthis manner (phase error <+ 0.5 rads), 


_ the acquisition time is substantially reduced. _ 
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FIGURE 3: Data Synchronization Waveform Diagram 


DIRECT SYNC MODE (Continued) 


The SSI 32D534A employs a dual mode phase detec- 
tor; harmonic in Read mode and non-harmonic in Idle/ 
Write modes. The harmonic phase detector only 
updates the PLL with each occurrence of a DLYD 
DATA pulse. This allows the PLL to remain phase 
locked to actual Read Data. The rising edge of DLYD 
DATA enables the phase detector and the falling edge 
is phase compared to the rising edge of the VCO. As 
depicted in Figure 3, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of RD. In Idle/Write modes, both phase 


AVERAGE 
OUTPUT CURRENT 


@ ERROR 


a) HARMONIC MODE 


and frequency lock (non-harmonic) to the crystal refer- 
ence oscillator is accomplished by continuously ena- 
bling the phase detector. With both phase and fre- 
quency lock to the crystal reference oscillator and the 
zero phase restart acquisition technique, false lock to 
DLYD DATA is eliminated. 


The phase detector incorporates a charge pump in or- 
der to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 4 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 


AVERAGE 
OUTPUT CURRENT 


@ ERROR 


b) NON-HARMONIC MODE 


NOTE 1: lois the magnitude of the charge pump current. 
NOTE 2: Phase error is relative to the VCO period. 





FIGURE 4: Phase Detector Transfer Function 
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FIGURE 5: Decode Window a) Early, b) Normal, c) Late 


DIRECT SYNC MODE (Continued) 


Anaccurate and symmetrical decode window is devel- 
oped fromthe VCO clock. The rising edges of the VCO 
clock are phase locked to the falling edges of .DLYD 
DATA as shown in Figure 3. The decode window is 
then generated from the falling edges of the VCO clock. 
By utilizing a fully integrated symmetrical VCO running 
at twice the data rate, the decode window is ensured to 
be accurate and centered symmetrically about the 
falling edges of DLYD DATA. The accuracy of the 1/4 
cell delay only affects the retrace angle of the phase 
detector and does not influence the accuracy of the 
decode window. 


Shifting the symmetry of the VCO clock effectively shi- 
fts the relative position of the DLYD DATA pulse with- 
in the decode window. This powerful capability easily 
facilitates automatic calibration, window margin test- 
ing, error recovery, and systematic error cancellation. 
For enhanced disk drive testability and error recovery, 
decode window control is provided via a wP port (WSL, 


TABLE 2: Decode Window Symetry Control 


| Ts, NOMINAL WINDOW SHIFT 


WSD, WS0, WS1) as described in Table 2. 


Window shifts inthe range of 1.5% to 7.5% of TORC 


are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 5. For applications not utilizing this 
feature, WSL should be tied to ground, while WSD, 
WSO & WS1 should be left floating. Additionally, for 
small systematic error cancellation a resistor, R, con- 
nected from either RS (Early ) or RF (Late) to ground 
will provide analog control over the decode window. 
The magnitude of this shift, Tsa, is determined by : 


(0.25)TORC 
R+0.7 
R is in KQ. 


Tsa= 
Where: 
Pins RF and RS are intended to be used as a trim and 


should be restricted to + 1.5% window shifts. They can 
be used in conjunction with the digital control port. 
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NOTE 1: NRZ and WAM inputs are clocked in on the rising edges of RRC (input data cell boundaries). 
NOTE 2: WD output data cells are defined in terms of the falling edges of RRC. They are delayed 1 1/2 data cells relative to the 


input data cells. 





FIGURE 6: Write Address Mark /Address Write Data Waveform Diagram 


WRITE OPERATION 


In the Write Mode, the SSI 32D534A converts NRZ 
data (from the Controller) into MFM data, for storage 
onto the disk. It performs write precompensation, if en- 
abled, andinserts Address Marks as requested. Serial 
NRZ data is clocked into the SSI 32D534A and latch- 
ed on defined data cell boundaries. NRZ data must be 
synchronous with the rising edges of the RRC clock 
output. Duringa Write Data Operation, the SSI32D534A 
processes data and ECC fields and in a Write Format 
Operation, Address Marks, Preamble, ECC, Gaps, 
and ID fields are processed. Write Gate is an asyn- 
chronous input and may be initiated or terminated at 
any position on the disk. MFM encoded output write 
data, WD, is delayed from input NRZ data by 1.5 Data 
Cells. For the successful completion of a write opera- 
tion, Write Gate, WG, should not be terminated prior to 
the last output Write Data pulse. 


Address Marks can be inserted into the MFM encoded 





data stream, WD, with the pin WAM (Write Address — 





Mark). When WAM is asserted, the data/ clock pulse in 
the corresponding bit cell of the MFM encoded data 
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stream is deleted. This allows specially encoded se- 
quences (illegal MFM patterns) to be encoded using 
the SSI 32D534A. WAM is synchronous with the RRC 
clock and is internally delayed by 0.5 data cells. To 
generate the missing clock A1 Address Mark pattern, 
WANM is asserted during the sixth data cell of the NRZ 
A1 data pattern. Figure 6 depicts the Address Mark 
generation sequence. 








Write Precompensation reduces the effect of intersym- 
bol interference caused by the proximity of magnetic 
transitions on the disk media. The interference is 
caused by specific data patterns where flux reversals 
are positioned closely together. Compensation con- 
sists of shifting write data pulses in time to counteract 
forthe shifting normally exhibited in the corresponding 
Read Back signal. When Precompensation is en- 
abled, see Table1, the SSI 32D534A recognizes these 
data patterns and appropnately shifts the write data 
pulses. Table 3 describes the Precompensation Algo- 
rithm relative to the current data bit, n, to be written. 
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WRITE OPERATION (Continued) _ | | - TABLE 3: Write Precompensation Algorithm 
BIT | BIT | BIT 
n-2 n-1 n 


The SSI 32D534A utilizes an internal analog delay line 
to time shift the encoded write data pulses. The mag- 
nitude of the time shift, TPC, is determined by the ex- 
ternal RC network (RPC, CPC) at pin PCS (Precomp 
Set) and is given by: 

















TPC = 0.21 x RPC x (CPC + 2pF), 
with RPC in KQ & CPC in pF 


An Early/Late compensated bit resultsina pulse shifted 


TPC seconds before/after the nominal unshifted pulse 
position. 


ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER | RATING UNIT 
Storage Temperature | : -65 to +150 
Junction Operating Temperature : 0 to +130 | 

















Supply Voltage, VCC : | -0.5to 7 | 
Voltage Applied to Logic inputs 7 -0.5 to VCC + 0.5 


_ ELECTRICAL CHARACTERISTICS —— | | 
" Unless otherwise specified 4.75 < VCC <5.25V, 0°C < TA< 70°C, 5MHz < 1/TORC < 10 MHz; 
10 MHz < 1/TVCO < 20 MHz. | . 
PARAMETER — | 
VIH High Level Input Voltage 
Low Level Input Voltage 
IIH High Level Input Current 


IL Low Level Input Current 


VOH _ High level Output Voltage 
VOL Low Level Output Voltage 





ICC Power Supply Current 


-_ Power Dissipation — 
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BIT COMPENSATION | 
n+1 Bitn | 
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CONTROL CHARACTERISTICS (Refer to Figure 7) 


PARAMETER 


TSWS WSO, WS1, WSD Set Up Time 
THWS WSO, WS1, WSD Hold Time 
TSERG Set up time EWC to RG 

Hold time EWC from RG 

















FIGURE 7: Control Timing 


RRC 
(READ CLOCK) 


NRZ (OUT) 





FIGURE 8: Read Timing 


0589 | 3-69 


SSI 32D534A 
Data Synchronizer/ 
MFM ENDEC 





ENDEC CHARACTERISTICS 






PARAMETERS CONDITIONS | 
TRD ReadDataPulsewith | | 
TFRD Read Data Fall Time 2.0 to 0.8V - 


READ MODE (Refer to Figure 8) 








































TRRC _—- Read ClockRise Time 
TFRC Read Clock Fall Time 





_TPNRZ  NRZ (out) Propagation Delay | +10 | 
TPAMD AMD Propagation Delay 5 | TVCO 445 
| 2 








TOS = RT (8.96E-12) 0.84TOS | 1.16TOS SeC 
12K < RT < 36K 


WRITE MODE (Refer to Figure 9) - 


PARAMETERS CONDITIONS 
TWD Write Data Pulse Width 
TPC 


PrecompensationTime 
Shift Magnitude Accuracy 


TQC 
TOS Retriggerable One-shot 
Delay Accuracy 


TORC Read Clock Period 







_ 1/4 Cell Delay Accuracy 





0 
. 
8 



















TPC =0.15 (RPC) | 
(CPC+Cs) 

2K < RPC < 6K 
15pF < CPC < 36 pF 
Cs = Stray Capacitance 


TFWD Write DataFall Time | 2.0Vto0sv:cistspE | 

FARO Relerence GockiseTine| os tozovicctsor | 

TFRO Reference Clock Fall Time | 2.0V1008V;Ci<15pF fo 
7 


TSNRZ NRZ(in) Set Up Time 
THNRZ NR2Z(in) Hold Time 
LTHWaM_WAWiHold Time a 


Note: TPC=0.15 (RPC)(CPC+2Cs) Where Cs = Stray Capacitance 



















2 
7 
2 
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FIGURE 9: Write Timing 


DATA SYNCHRONIZATION CHARACTERISTICS 


PARAMETERS CONDITIONS ) own | Max | UNIT 


TVCO_ VCO Center Frequency VCOIN = 2.7V, 0.78TO 1.22TO sec 
Period TO = 1.63E - 11(RR+500) 
VCC =5.0V, 

2400 < RR < 60000 


VCO Frequency Dynamic VCC =5.0V, +40 
Range 1V<VCOIN < VCC-0.6V 
KVCO VCO Control Gain 1V < VCOIN < VCC-0.6 V, 0.140, 
®, = 2n/TO 
Phase Detector Gain KD = 0.308/(RR+500); 0.83KD 1. han 
VCC = 5.0 V, 
2400 < RR < 60002 


KVCO x KD Product Accuracy | 2400 < RR < 6000Q, 
VCC = 5.0V 


Decode Window Centering = Note 
Accuracy 

Decode Window Time TS1 = 0.015TORC 0.85TS1 | 1. —_ 
Shift Magnitude | 

Decode Window Time TS2 = 0.06TORC 0.90TS2 | 1.10TS2 
Shift Magnitude 

Decode Window Time TS3 = 0.075TORC 0.90TS3 | 1.10TS3 
Shift Magnitude 

Decode Window Time TSA= ee (RinKQ) 0.65 TSA | 1.35TSA 
Shift Magnitude 


Note: +(.01 5TORC+3) 






















a 





io) 
8 
< 
ro} 
7) 






8 |> 
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APPLICATION | 
LOOP FILTER 


The element in the phase lock loop which controls the 
loop dynamics is known as the loop filter. Acquisition 
time, data margin, and data tracking can be optimized 
by the loop filter selection. One possible loop filter 
configuration is shown in Figure 10, where the function 
of C, is as an integrating element. The larger the 
capacitance of C,, the longer will be the lock time. Ifthe 
capacitance is too small, the loop will tend to track high 
frequency jitter. The role of the resistor R is to reduce 
the phase shift induced by C,. This is necessary since 
the loop will oscillate at the frequency where the gainis 
unity. The capacitor C, will suppress high frequency 


transients when switching occurs. This capacitor will. 


have a minimal effect of the loop response if it is small 
compared to C, (typically, C, = C,/10). | 


The loop filter transfer function is: 

F(s = Vout ee 1 +SRC; 
lin sC( 1+sCoR +22) 
| Ci. 


ifC, <C, 
then, 
F(s) = Vout a +sRCi 
| lin sCy 


The phase lock loop can be described as: 





-+- 
Din(s) a eae endl ee 2 out(s) 
where, 
KD = phase detector gain [A/rad] 
F(s) = Filter impedance | [V/A] 


KVEO ~ oscillator transfer function _[rad /volt - sec] 


N = ratio of reference input frequency vs. VCO output 
frequency. 





FIGURE 10: Loop Filter 


Therefore, the closed loop transfer function is now: 
_@out(s) G(s) 


Sins) 1 + G(S)H(s) 
KD x kvco| 1#88Cs 1 tent | 


s2+s(N x KD x KVCOx R) NEKO XKVEO x Kp KVCO 
1 


now we can put the characteristic eayeeon eee. 
tor) in the form: : 


$°+28(n+ On? 
* On2= NXKDx KVCO ang r-Nx KD x KVCOx R 


| Ci. | 20n 
which results in: | 
C,=NxKDx KVCO 


One | 
= 20n_ and Cpa Ot. 
Nx KD x KVCO. 10 . 


Fora €=0.8, the relationship between, and lock time 
is: 

45 
lock time 


0p = —__>—_. 


Therefore, the loop filter components C,, C,, and Rcan 
be evaluated for a required lock. time and coding 
scheme (N) frequency relationship to the VCO fre- 
quency. 


‘With MFM coding: 

N = 1, for Gin = reference oscillator 

N = 0.5, for Oin = maximum data frequency 
N = 0.25 for Gin = minimum data frequency 
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FIGURE 11: Typical Application 


Typical External Component Values for a 5 Mbit/Sec. MFM Application: 


COMPONENT CONDITIONS VALUE UNITS 
Miz 





Re ee 2 
Poe 
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PACKAGE PIN DESIGNATIONS 


(TOP VIEW) 
22 Eg BRE 
3 2 1 








RG [5 25 || VPD 

1FS ||6 24 | | XTAL1 
AGND {|7 23 |} DGND 
VCOIN L}8 22 {| RRC 
PDOUT L]9 21 |] NRZ 

NC [}10 20] NC . 


Rs [}11 19 |] WAWAMD 
y 16 17 








a ae EE Cae 1a CE a 
2&6 82s 
28-pin PLCC 


28-pin DIP 
THERMAL CHARACTERISTICS: Qja 





ORDERING INFORMATION 







rneemae —— a eT ae 
SSI 32D534A 28-pin PLCC SSI 32D534A-CH 32D534A-CH 
SSI 32D534A 28-pin PDIP SSI 32D534A-CP 32D534A-CP 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 


| ES a IAT SN ESE I I IE SET SI I IE SINT TELE EE TE SITE OED ECON IE TIE OE TCE EE TIENEN DES LLL TEE EEE ET ITC EY IE TEE TEE EE A OIE LT TEE ED 


_ ©1989 Silicon Systems, Inc. 


icon $ yan | 0589 
Patents Pending | 





silicon a il 


DESCRIPTION 


The SS! 32D535 Data Separator provides data recov- 
ery, data encoding, and write precompensation for 
storage systems which employ a 2, 7 RLL encoding 
format. Data synchronization is performed with a fully 
integrated high performance PLL. A_ zero phase 
restart technique is used to minimize PLL acquisition 
time. The SSI 32D535 has been optimized for opera- 
tion as a companion device to the SSI 32C452A and 
the AIC 010 controllers. The VCO frequency setting 
elements are incorporated within the SSI 32D535 for 
enhanced performance and reduced board space. 
Data rate is established with a single external program- 
ming resistor. The SSI 32D535 utilizes an advanced bi- 
polar process technology which affords precise de- 
code window control without the requirement of an 
accurate 1/4 cell delay or external devices. To en- 
hance disk drive testability, decode window symmetry 
controlis available through a digital uP port and/or two 
analog pins. This feature can facilitate defect mapping, 
automatic calibration, systematic error cancellation, 
window margin testing, and error recovery. The SSI 
32D535 requires a single +5V power supply and is 
available in 32-pin DIP and SOW packages. 
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June, 1989 
FEATURES 


¢ Data Synchronizer and 2,7 RLL ENDEC 
¢ Write Precompensation 





¢ 7.5 to 10 Mbits/sec Operation 
Programmed with a Single External Resistor 


¢ Optimized for Operation with the SSI 32C452A 
and AIC 010 Controllers 


¢ ESDI compatible 


¢ Programmable Decode Window Symmetry via a 
uP Port and/or Analog Pins 


* Fast Acquisition Phase Locked Loop 
- Zero Phase Restart Technique 


e¢ Fully Integrated Data Separator 
- No External Delay Lines or Active Devices 
Required 
¢ Crystal Controlled Reference Oscillator 


¢ Hard/Soft Sector Operation 
e +5V Operation 
¢ 32-Pin DIP SOW, 28-Pin PLCC Packages 





BLOCK DIAGRAM PIN DIAGRAM 
Had acto a0 ie our a RF RS WSO WS1 WSO wst 1 SOFT/HARD 
2 PCS 
REFERENCE 
WO 
4 VPD 
od VCO CLK 
DATA 5 NC 
CO 

6 XTAL2 
pro 7 XTAL1 
XTAL4 8 DGND 

XTAL2 9 RRC 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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PIN DESCRIPTIONS 


INPUT PINS 


READ DATA: Encoded Read Data from the disk drive read channel, active 


READ GATE: Selects the PLL reference input and initiates the PLL 
synchronizationsequence. A high level selects the RD input and enables 
the Read Mode/Address Mark Detection sequences. A low level selects the 
crystal reference oscillator. Pin RG has an internal resistor pull-up. 


WRITE GATE: Enables the write mode. Pin WG has aninternal resistor pull- 


WINDOW SYMMETRY LATCH: ‘Used to latch the input window symmetry 
control bits WSD, WSO and WS7 into the internal DAC. An active high level 
latches the input bits. Pin WSL has an internal resistor pull- up. 


WINDOW SYMMETRY DIRECTION: Controls the direction of the optional 
window symmetry shift. Pin WSD has an internal resistor pull-up. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window. 


shift of 1.5 % TORC (Read Reference Clock Period) in the direction 
established by WSD. Pin WSO has an internal resistor pull-up. 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
shift of 6% TORC (Read Reference Clock Period) in the direction estab- 


lished by WSD. A low level at both WSO and WS1 will produce the sum of. 


the two window shifts. Pin WS1 has an internal resistor pull-up. 


SOFT/HARD SECTOR: Selects the address mark and the Preamble field 
patterns. A high level (Soft Sector) selects a3T Preamble Field pattern and 
a non-violating 2, 7 address mark, N7V. A low level (Hard Sector) selects 
a 4T Preamble Field pattern and disables the address mark circuitry. Pin 
SOFT/HARD has an internal resistor pull-up. 


WRITE CLOCK: Write Clock input: Must be synchronous with the Write 


Data input on the NRZ Data Port. For small cable delays, WCLK may be 


connected directly to pin RRC (Read/Reference Clock). 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector and allows the VCO to coast. Pin EPD has an internal 
resistor pull up. us 

ENABLE WRITE PRECOMPENSATION: A low level enables Write Pre- 
compensation. Pin EWP has an internal resistor pull-up. _ 
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PIN DESCRIPTIONS (cont) 


TYPE DESCRIPTION 


WRITE DATA: Encoded write data output, active low. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the con- 
troller. Inthe read mode, this clock is the VCO frequency divided by two (1/ 
TORC) and in the write mode it is the crystal reference frequency divided by 
two (1/TORO). No short clock pulses are generated during a mode change. 


ADDRESS MARK DETECT: Inthe soft sector Read Mode, a latched low 
level output indicates that an address mark has been detected. Innon-Read 
modes AMD is configured as a high impedance output. 


SYNC DETECT OUTPUT: An active low output that indicates successful 
detection of the 3T Preamble sync field. THE SDO pin is not a TTL level 
signal. | 


VCO CLK: An open emitter VCO clock test point. Two external resistors 
are required to utilize this output, they can be removed during normal | 
operaton for reduced power dissipation. 


DELAYED READ DATA: Test point. The positive edges of this open emitter 
ouput signal indicate the data bit position. The positive edges of the DRD 
and the VCO CLK signals can be used to estimate window centering. The 
time jitter of DRD's positive edge is an indication of media bit shift. Two 
external resistors are required to perform this test, they can be removed 
during normal operation for reduced power dissipation. 















PEE | 


VCO CLK 


















TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay 
are a function of the current source into pin IREF. The current is set by an 
external resistor, RR, connected from IREF to VPA. 


PRECOMP SET: Used to set the magnitude of the Write Precompensation 
time shift via an external capacitor, Cp to VPA and an external resistor, Rp 
to AGND. 


CRYSTAL OSCILLATOR CONNECTIONS: | Ifa crystal oscillator is not 
desired, XTAL1 maybe driven by a TTL source with XTAL2 open. The 
frequency must be at twice the data rate. 


PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 
VCO CONTROL INPUT: Driven by the Loop Filter output. 
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PIN DESCRIPTIONS (cont,) 


OUTPUT PINS (Cont) 


DESCRIPTION 


oo -| SYNC DETECT SET: Used to program the sync detect retriggerable one- 
| shot timing with an external R-C network. Connect the capacitor, Cd, to VPA 
| and the resistor, Rd, to AGND. - 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the 
decode window symmetry; typically used to null out any window symmetry 
offset. Aresistor connected from either RF or RS to AGND will provide mag- 
nitude and direction control. They can be used in conjunction with the digital 
control port WSD, WSO, WS1. 





POWER 


DGND, AGND DIGITAL AND ANALOG GROUND 


| VPA | __ANALOG+5V | 
VPD — DIGITAL +5V | 
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OPERATION 


The SSI 32D535 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D535 performs Data Synchronization, Sync 
Field Search and Detect, Address Mark Detect and 
Data Decoding. In the Write Mode, the SSI 32D535 
converts NRZ data into the 2,7 RLL format described in 
Table 1, performs write precompensation, generates 
the Preamble Field, and inserts Address Marks as 
requested. The interface electronics and architecture 
of the SSI 32D535 have been optimized for use as a 
companion device to the SS! 32C452A or AIC 010 
controllers. 


The SSI 32D535 can operate with data rates ranging 
from 7.5 to 15 Mbits/sec. This data rate is established 
by a single 1% external resistor, RR, connected from 
pin IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 


RR = 40.67 -0.5 (KQ) 
DR 


where: DR = Data Rate in Mbits/sec. 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
forthe PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
Ifa crystaloscillatoris not desired, then an external TTL 
compatible reference may be applied to XTAL1, leav- 
ing XTAL2 open. 


The SSI 32D535 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
ofaDLYD DATA pulse. Inthe Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 


SSI 32D535 
Data Synchronizer/ 2, 7 RLL ENDEC 
with Write Precompensation 





The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking seq- 
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de- 
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet- 
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym- 
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 


Shifting the symmetry of the VCO clock effectively 


' shifts the relative position of the DLYD DATA pulse 


within the decode window. This powerful capability 
easily facilitates defect mappings, automatic calibra- 
tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via a uP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
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feature, WSL should be connected to ground, while 
WSD, WSO, and wst can oie left els 


| Window shifts inthe range of +1.5%to 47, 5% Of TORC 


are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
errorcancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control over the decode window. The magnitude of this 
shift, TSA is determined by: 


TSA =0.125 TORC/|1 - 680 +R. 
1180+R 


where: R is in ohms 


Pins RF and RS are intended to be used as atrim and 
should be restricted to £1.5% window shifts. They can 
be used in conjunction with the digital control port. 


The VCO.CLK and DRD ouputs can be used to esti- 
mate window centering and data bit shift. The rising 


edges of VCO CLK indicate the data detection window 


edges. The rising edge of DRD indicates the data bit 
position relative to the decode window. Two external 


resistors are required during such testing. A pull-up 


resistor of 130Q should be connected to VPD, while a 
pull-down resistor of 200Q should be connected to 
DGND. The resistors can be removed during normal 


operation to reduce power dissipation. 


In Non-Read Modes, the PLL is locked to the crystal 


reference oscillator. This forces the VCO to run at a 


frequency which is very close to that required for 


tracking actual data and thus minimizes the associat- 
ed frequency step during acquisition. When the refer- 


ence input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 


alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment i in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


| The ssi 32D535 provides: {wo sync modes for control- 
fing the PLL locking sequence; Soft Sector and Hard 


Sector. 


SOFT SECTOR MODE 


The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D535 requires 10 high to low transitions 
(Preamble ‘1’ bits) before switching the reference input 
to the PLL, 48 high to low transitions before switching 
the Read Reference Clock to the VCO clock divided by 


two and activating the Address Mark Detect circuitry; 
then it must detect the Address Mark prior to 80 high to 


low transitions in order to enter the Read Mode. This 
sequence repeats after 95 input ‘1’ bits until the read 
mode is successfully entered or until RG is cancelled. 


When RG transitions high, the following PLL locking 


_ Sequence begins: 


a)‘ PREAMBLE SEARCH: 


The3T detect ci rouitry initiates the PLL locki ng 
sequence once it has detected 10 consecutive 
‘100’ bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 
1/4 cell delay and the retriggerable one-shot 
delay. The 1/4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a 4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. 


b) PLL ACQUISITION: | 


Once 10 consecutive ‘100’ bit groups are de- 
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DLYD DATA, the VCO is phase reset to 
the next DLYD DATA pulse, and PLL acquis- 
tion begins. When an additional 38 ‘100' bit 
- groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
circuitry is enabled. Ifa 4T detect pulse occurs 
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before 48 Preamble ‘1’ bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re- 
started. No short duration glitches will occur at 
the RRC output during this switching. 

Cc) ADDRESS MARK DETECTION: 

The circuit searches for the occurrence of the 

5EAxie Address Mark. If an Address Mark is 

detected prior to the Input Counter reaching 

count 80, the correct phase of the RRC is 


ensured by resetting the n/2 divider, the AMD 


output is latched low, the PLL training se- 
quence is terminated, and the Read Mode is 
entered allowing the data field to be read. Ifthe 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
RRC output is switched to the crystal 
reference oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
the Address Mark detection sequence. 


HARD SECTOR MODE 


In the Hard Sector mode (SOFT/HARD = 0) the SSI 
32D535 utilizes a 4T (1000) Preamble Field and dis- 
ables the Preamble Search and Address Mark detec- 
tion circuitry. It allows the PLL to be controlled directly 
by RG for Hard Sector format operation. With the ab- 
sence of an Address Mark, the 4T Preamble Field is 
utilized to properly set the bit cell alignment bounda- 
ries for proper decoding. 


When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 ‘1’ Preamble bits are 
detected, the RRC output is switched to the VCO 
clock divided by 2, and the Read Mode is entered 
allowing the data field to be read. 
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In the Hard Sector mode, the NRZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components 
(Cd, Rd) are not required and the SDS pin can be left 
open. 


WRITE OPERATION 


Inthe Write Mode the SSI 32D535 converts NRZ data 
from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 32D535 can operate 
with a soft or hard sectored disk drive. In the Soft 
Sector Mode, (SOFT/HARD = 1) the device generates 
a 3T Preamble Field and can insert a N7V Address 
Mark. The N7V Address Markis a valid 2, 7 RLL pattern 
which is not contained in the code set. In the Hard 
Sector Mode, (SOFT/HARD = 0) the device gener- 
ates a 4T Preamble Field and no Address Mark. Serial 
NRZ data is clocked into the SSI 32D535 and latched 
on defined cell boundaries. The NRZ input data must 
be synchronous with the rising edges of the WCLK 
input. The WCLK input is a feature provided for opera- 
tion in an ESDI application to compensate for large 
cable delays. Ina SCSI or ST506 operation, WCLK is 
connected directly to the RRC output. 





Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol inter- 
ference. The SSI 32D535 recognizes specific write 
data patterns andcan addor subtract delaysinthe time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TC, is deter- 
mined by an external R-C network on the PCS pin 
given by: 


TC= 0.15 (Rp)(Cp + Cs) 
with RP 2 2.0 KQ, Cs = stray capacitance 


When the ENABLE WRITE PRECOMP, EWP, input is 
low the SSI 32D535 performs write precompensation 
according to the algorithm outlined in Table 4. 
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SOFT SECTOR MODE 


In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the SSI 
32D535 automatically generates the 3T (100) Pre- 
amble Field at the WRITE DATA (WD), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit ‘1’ of the 516 (0101) in the SEAxie Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D535 automatically changes the ‘1’ in 
the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a ‘0’. This generates a pattern 
_ Of seven zero's followed by two zero's. This unique 
pattern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. The xie of 
the 5EAx1e Address Mark generation pattern can be 
selected, a ‘Cie’ (1100) was utilized in this example. 








et ee 
000 
ee 


00100100 


“HARD SECTOR MODE 


In the Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 32D535 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WD, output. Note that in the Hard Sector 
mode, the NRZ input is inverted, therefore a constant 
low is equivalent to an‘11.. .’ input which generates 
the 4T ‘1000...’ Preamble Field. The 4T Preamble 
Field will be generated between the time WG goes 
high and the first low to high transition on the NRZ line. 
The 32D535 requires a minimum of 32 4T (1000) bit 
groups prior to the data field. p R 









TABLE 1: 2, 7 RLL Code Set 





TABLE 2: Mode Control 
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TABLE 3 : Decode Window Symmetry Control 


ENCODED 2, 7 RLL DATA PATTERN 
BIT BIT 





TABLE 4 : Write Precompensatiom Algorithm 
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AVERAGE 


AVERAGE OUTPUT CURRENT 


OUTPUT CURRENT 


@ ERROR : @ ERROR 


a) HARMONIC MODE b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 





FIGURE 1: Phase Detector Transfer Funtion 


2, 7 RLL DATA 


1/4 CELL 
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FIGURE 2: Data Synchronization Waveform Diagram 
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FIGURE 3: Decode Window 


3T (100) PREAMBLE FIELD ADDRESS FIELD 


RG 


eet DODD DD DODO X.OODK IIIA IO 


PLL REF 2 


ADDRESS MARK 9 
DETECT ENABLE 


rare 
VCO RESTART 2 | | ' | | | 


2 vco 
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CCE OEE ESOS tee 
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Notes: 1) Dashed lines represent conditions where AMD did not occur 
2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 





FIGURE 4: Soft Sector Mode Timing Diagram 


0689 3-85 


SSI 32D535 
Data Synchronizer/ 2, 7 RLL ENDEC 
with Write Precompensation 


vco out?" 


RRC 


BeSoDED: || Sif ake [i Se aN at a Up aaa he toe) ae coe Date tae. fe coe fh 6 | 
DATA : : 


ae 


Notes: *1) These four bits can be any combination, Cis (1100) was selected in this example 


*2) The 5E16 of the SEAxie Address Mark is not read back 
*3) Representations of internal signals 


SYNC FIELD ————__» ] #______- A 1 ——____1» « ____ Cg 


FIGURE 5: Address Mark Detection and NRZ Output Waveform 


4T (1000) PREAMBLE FIELD | 
ae aaaenameenaiaiaaeame memes 
PLL REF“ mn ee ee 
DLYD DATA 
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Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 


FIGURE 6: Hard Sector Mode Timing Diagram 
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ENCODED 2, 7 DATA 
RD 
DLYD DATA' 


vco ouT! 


DECODED NRZ DATA 


NRZ OUTPUT”. 


Notes: *1) Representations of internal signals 
*2) In hard sector mode the NRZ output Is inverted 





FIGURE 7: Hard Sector Mode Decode Timing 
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Notes: *1) X16 can be any combination, C16 (1100) was selected in this example 
*2) Representations of internal signals 
*3) Deleted ouput pulse to encode Address Mark 





FIGURE 8: Write Address Mark Generation 
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W 


Maximum Power Dissipation 950 


ABSOLUTE MAXIMUM RATINGS 


















DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 
< 5.25V, Ta = 0°C to 70°C, 7.5 MHz < 1/TORC < 10 MHz, 15 MHz < 1/TVCO < 20 MHz 


' PARAMETER CONDITIONS | | MIN | 


TTL Inputs: 


Vit, Low Level nputVottage | SSSCSC~S~*«* 
Fit, High Level Input Curent | VM=2.7V 
TTL Outputs: 


Test Point Outputs: DRD, VCO CLK (See Figure 12) 


VOH, High Level Ouput Voltage RL= 1300 to VPD, 
| 2002 to DGND VPD-0.720 








VOL, Low Level Output Voltage RL= 1300 to VPD, 
| 200Q2 to DGND 
ICC, Power Supply Current All outputs open 


DYNAMIC CHARACTERISTICS AND TIMING 


READ MODE (See figure 9) 







TRD, Read DataPulsewith | =| 
_TFRD, Read Data Fall Time 2.0Vt008V,CL<i5pF | | 
TRRC, Read Clock Rise Time | 0.8Vto20V,CL<i5pF | 


TFRC, Read Clock Fall Time | 2.0V to 0.8V, CL < 15pF 
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READ MODE (Cont.) 

PARAMETER CONDITIONS 
TPNRZ, NRZ (out) 

Propagation Delay 

TPAMD, AMD 

Propagation Delay 

1/4 Cell + Retriggerable 

One-Shot Detect Stability 4.5V < VCC <5.5V 


1/4 Cell + Retriggerable TD = 6.14(RR +0.5) 
One-Shot Delay* + 0.172Rd(Cd +11.5) 
RR = KQ 
Rd = KQ 
Cd = 68 pF to 100 pF 


Note: *~ = _Excludes External Capacitor and Resistor Tolerances 





WRITE MODE (See Figure 10) 


PARAMETER CONDITIONS 


TWD, Write Data Pulse Width CL <15 pF (TORO/2)-12  |(TORO/2) +12 
TFWD, Write Data Fall Time 2.0V to 0.8V, CL < 15 pF 







TOWC Write Data Clock 

Repetition Period TORO-12 TORO +12 
TRWC Write Data 

Clock Rise Time 0.8V to 2.0V 
TFWC Write Data 

Clock Fall Time 2.0V to 0.8V 


TSNRZ, NRZ (in) Set Up Time 


THNRZ,NRZ(in)HoldTime | | 7 


TWDC Compensated Write 
Data Pulse Width CL < 15 pF (TORO/2)-2TC-12 


TE, TL Write Data TC = 0.15(Rp)(Cp + Cs) 
Compensation Accuracy | Rp 2 2.0 KQ, 
Cs = Stray Capacitance 











DATA SYNCHRONIZATION 


TVCO VCO Center Frequency VCO IN = 2.7V 
Period TO = 1.23E - 11(RR +500) 
VCC = 5.0V 
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| VCO Frequency 1.0V < VCO IN < VCC -0.6V : 
Dynamic Range VCC =5.0V - | +27 +40 | % 
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DATA SYNCHRONIZATION (Cont.) 


PARAMETER ___| CONDITIONS | MIN max _| UNIT 


SB 
(@) 
< 


KVCO VCO Control Gain wo = 2n/ TO 0.1400 
| 1.0V < VCO IN< VCC -0.6V | 
KD Phase Detector Gain KD = 0.309 / (RR + 500) 
VCC = 5.0V ? D 1 17 KD | A/srad 


KVCO x KD Product 
Accuracy 


+28 % 


° 


Decode Window 
Centering Accuracy 
Decode Window 
TS1 Decode Window Time . 
Shift Magnitude : TS1 = 0.015 TORC 10.85 TS1 sec 
TS2 Decode Window Time | | | 
Shift Magnitude | TS2 = 0.06 TORC 0.90 TS2 
TS3 Decode Window Time 
Shift Magnitude TS3 = 0.075 TORC 0.90 TS3 


TSA Decode Window Time 2 680+R | |0.65 TS 


with: R in ohms 


CONTROL CHARACTERISTICS (See figure 11) | 


TSWS, WSO, WS1, WSD 
Set Up Time 


THWS, WSO, WS1, WSD . 
Hold Time 


RG,WG,SOFT/HARD tt 
Time Delay 7 
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NRZ (OUT) 





FIGURE 9: Read Timing 


REFERENCE 
OSCILLATOR 


NRZ (IN) 





FIGURE 10: Write Timing 


0689 3-91 





— SSI 32D535 
Data Synchronizer/ 2, 7 RLL ENDEC 
with Write Precompensation 








FIGURE 11: Control Timing 


DRD 
bit position 


~ VCO CLK 
Decode 
Window 


Edges 





FIGURE 12: Test Point Timing 
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PACKAGE PIN DESIGNATIONS 


(TOP VIEW) 
SOFT/HARD io & g E 3 2 a 
PCS I on Ee 
WD 3 2 
VPD . RG 25 || XTAL2 


NC SDS 2411 XTALI1 
VCO IN 23 || DGND 


DGND — PD OUT | | 221] RRC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


RRC AGND | 211] WCLK 
rs [j10 | 20 1] NRZ 


AMD RF | |11 ~ 19 [] AMD 





se 5 16 
aes uo 8 ee 4S B& 2B B 
WS1 «c& 3s 6 - = = s 
VCO CLK © 


32 LEAD SOW, DIP | en 28 Pin PLCC 





ORDERING INFORMATION | 


PART DESCRIPTION ORDER NO. | -PKG.MARK 


SSI 32D535 32 Pin Small Outline - Wide SSI 32D535 - CW 32D535 - CW 
SSI 32D535 32 Pin Plastic DIP SSI 32D535 - CP 32D535 - CP 
SSI 32D535 28 Pin PLCC - §S132D535 - CH 32D535 - CH 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 





©1989 Silicon Systems, Inc. 3-94 0689 
Protected by Patent Nos. (4,800,340) (4,803,445) 
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SSI 32D5351 
"|? ® Data Synchronizer/ 
Sl ref 2,/ RLL ENDEC 


June, 1989 
DESCRIPTION FEATURES | 


The SSI32D5351 Data Separatorprovidesdatarecov- ° Data Synchronizer and 2,7 RLL ENDEC 
ery, data encoding, and write precompensation for e write Precompensation 

storage systems which employ a 2, 7 RLL encoding 

format. Data synchronization is performed with afully ° 10-20 Mbits/sec Operation 





integrated high performance PLL. A zero phase Programmed with a Single External Resistor 
restart technique is used to minimize PLL acquisition ° Optimized for Operation with the SSI 32C452A 
time. The SSI 32D5351 has been optimized for opera- and AIC 010 Controllers 


tion as a companion device to the SSI 32C452A and * ESDI compatible (Hard Sector) 
the AIC 010 controllers. The VCO frequency setting | ; 
elements are incorporated within the SS132D5351 for ° Programmable Decode Window Symmetry viaa 


enhanced performance and reduced board space. LP Port and/or Analog Pins 

Data rate is established with asingle externalprogram- ° Fast Acquisition Phase Locked Loop 

ming resistor. The SSI 32D5351 utilizes an advanced - Zero Phase Restart Technique 

bipolar process technology which affords precise de- ¢ Fully Integrated Data Separator 

code window control without the requirement of an - No External Delay Lines or Active Devices 
accurate 1/4 cell delay or external devices. To en- Required 


hance disk drive testability, decode window symmetry ¢ Crystal Controlled Reference Oscillator 
controlis available through a digital uP port and/or two 
g tea elie ¢ Hard/Soft Sector Operation 


analog pins. This feature can facilitate defect mapping, 
automatic calibration, systematic error cancellation, © +5V Operation 

window margin testing, and error recovery. The SSI : ‘ 

32D5351 requires a single +5V power supply and is oe RE ee peer lio Pecneges 
available in 32-pin DIP and SOW packages. 





BLOCK DIAGRAM PIN DIAGRAM 
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a CAUTION: Use handling procedures necessary 
0689 PCS EWP 3-95 for a static sensitive component. | 
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PIN DESCRIPTIONS ~— 


INPUT PINS 


DESCRIPTION 


READ DATA: Encoded Read Data from the disk BIE read channel, active 
low. 


-. READ GATE: Selects the PLL reference input and initiates the PLL 


synchronizationsequence. A high level selects the RD input and enables 


_ the Read Mode/Address Mark Detection sequences. A low level selects the 


crystal reference oscillator. Pin RG has an internal resistor pull-up. © 
WRITE GATE: Enables the write mode. Pin WG has aninternal resistor pull- 
up. a a 
WINDOW SYMMETRY LATCH: Used to latch the input window symmetry 
control bits WSD, WSO and WS1 into the internal DAC. An active high level 


latches the input bits. Pin WSL has an internal resistor pull-up. If unused, 
connect this pin to ground. 


WINDOW SYMMETRY DIRECTION: Controls the direction of the optional 


__ window symmetry shift. Pin WSD has aninternal resistor pull-up. If unused, 
| this pin can be left open. | 


"WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
‘Shift of 1.5 % TORC (Read Reference Clock Period) in the direction 


established by WSD. Pin WSO has an nemal resistor pull- up. If unused, 
this pin can be left open. | 


WINDOW SYMMETRY CONTROL BIT: A low level introduces a window 
shift of 6% TORC (Read Reference Clock Period) in the direction estab- 
lished by WSD. A low level at both WSO and WS1 will produce the sum of 


the two window shifts. Pin WS1 has an internal resistor a -up. If unused, 


this pin can be left open. 


SOFT/HARD SECTOR: Selects the address mark and the Preamble field | 


patterns. A high level (Soft Sector) selects a3T Preamble Field pattern and 
a non-violating 2, 7 address mark, N7V. A low level (Hard Sector) selects 
a 4T Preamble Field pattern and disables the address mark circuitry. Pin 
SOFT/HARD has an internal resistor pull-up. 


WRITE CLOCK: Write Clock input. Must be synchronous with the Write 


Data input on the NRZ Data Port. For small cable delays, WCLK may be | 


connected directly to pin RRC (Read/Reference Clock). 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector and allows the VCO to coast. Pin EPD has an internal 
resistor pull up. | ee 
ENABLE WRITE PRECOMPENSATION: A low level enables Write Pre- 
compensation. Pin EWP has an internal resistor pull-up. 
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PIN DESCRIPTIONS (cont) 


OUTPUT PINS 


DESCRIPTION 


WRITE DATA: Encoded write data output, active low. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the con- 
troller. Inthe read mode, this clock is the VCO frequency divided by two (1/ 
TORC) and inthe write mode it is the crystal reference frequency divided by 
two (1/TORO). No shortclock pulses are generated during a mode change. 


ADDRESS MARK DETECT: In the soft sector Read Mode, a latched low 
level output indicates that an address mark has been detected. In non-Read 
modes AMD is configured as a high impedance output. 


SYNC DETECT OUTPUT: An active low output that indicates successful 
detection of the 3T Preamble sync field. THE SDO pin is not a TTL level 
signal. | 


VCO CLK: Anopen emitter VCO clock test point. Two external resistors 
are required to utilize this output, they can be removed during normal 
operaton for reduced power dissipation. 


DELAYED READ DATA: Test point. The positive edges of this open emitter 
ouput signal indicate the data bit position. The positive edges of the DRD 
and the VCO CLK signals can be used to estimate window centering. The 
time jitter of DRD's positive edge is an indication of media bit shift. Two 
external resistors are required to perform this test, they can be removed 
during normal operation for reduced power dissipation. 





BIDIRECTIONAL PINS 


NRZ DATA PORT: Read Data output when RG is high and Write Data input 
when WG is high. In the idle mode NRZ is in a high impedance state. 





ANALOG PINS 


IREF 
XTAL1, 
XTAL2 
PD OUT 
VCO IN 






TIMING PROGRAM PIN: The VCO center frequency and the 1/4 Cell Delay 
are a function of the current source into pin IREF. The current is set by an 
external resistor, RR, connected from IREF to VPA. 
PRECOMP SET: Used to set the magnitude of the Write Precompensation 
time shift via an external capacitor, Cp to VPA and an external resistor, Rp 
to AGND. 


CRYSTAL OSCILLATOR CONNECTIONS: | Ifa crystal oscillator is not 
desired, XTAL1 maybe driven by a TTL source with XTAL2 open. The 
frequency must be at twice the data rate. 


PHASE DETECTOR OUTPUT: Drives the Loop Filter input. 
VCO CONTROL INPUT: Driven by the Loop Filter output. 
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PIN DESCRIPTIONS (cont) 


OUTPUT PINS (Cont,) 


NAME | TYPE DESCRIPTION _ | 


SYNC DETECT SET: Used to program the sync detect retriggerable one- 
shot timing with an external R-C network. Connect the capacitor, Cd, to VPA 
and the resistor, Rd, to AGND. | : 


WINDOW SYMMETRY ADJUST PINS: Provides analog control over the 
decode window symmetry; typically used to null out any window symmetry 
offset. A resistor connected from either RF or RS to AGND will provide mag- 
nitude and direction control. They can be used in conjunction with the digital 
control port WSD, WSO, WS1. | 




















POWER 


DGND, AGND 











| 1 | DIGITAL AND ANALOG GROUND _ | 
) 1 | ANALOG 45V = 
| 1 | DIGITAL 45V | 


3-98 0689 


OPERATION 


The SSI32D5351 is designed to performdata recovery 
and data encoding in rotating memory systems which 
utilize a 2, 7 RLL encoding format. In the Read Mode 
the SSI 32D5351 performs Data Synchronization, 
Sync Field Search and Detect, Address Mark Detect 
and Data Decoding. In the Write Mode, the SSI 
32D5351 converts NRZ data into the 2,7 RLL format 
describedin Table 1, performs write precompensation, 
generates the Preamble Field, and inserts Address 
Marks as requested. The interface electronics and 
architecture of the SSI 32D5351 have been optimized 
for use as a companion device to the SSI 32C452A or 
AIC 010 controllers. 


The SSI 32D5351 can operate with data rates ranging 
from 10 to 20 Mbits/sec. This data rate is established 
by a single 1% external resistor, RR, connected from 
pin IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/4 cell delay. The value 
of this resistor is given by: 


SSI 32D5351 
Data Synchronizer/ 2, 7 RLL ENDEC 
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The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. Figure 1 
depicts the average output current as a function of the 
input phase error (relative to the VCO period). 


The READ GATE (RG), and WRITE GATE (WG), 
inputs control the device mode as described in Table 2. 
RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode win- 
dow. Read Gate, RG, initiates the PLL locking seq- 
uence and selects the PLL reference input; a high level 
(Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 





In the Read Mode the rising edge of DLYD DATA 
enables the Phase Detector while the falling edge is 
phase compared to the rising edge of the VCO. As 
depicted in Figure 2, DLYD DATA is a 1/4 cell wide 
(TVCO/2) pulse whose leading edge is defined by the 
leading edge of RD. An accurate and symmetrical de- 
code window is developed from the VCO clock. The 
decode window is generated from the falling edges of 
the VCO clock. By utilizing a fully integrated symmet- 
rical VCO running at twice the data rate, the decode 
window is insured to be accurate and centered sym- 
metrically about the falling edges of DLYD DATA. The 
accuracy of the 1/4 cell delay only affects the retrace 
angle of the phase detector and does not influence the 
accuracy of the decode window. 


RR = 70-1.2 (KQ) 
DR 


where: DR = Data Rate in Mbits/sec. 


An internal crystal reference oscillator, operating at 
twice the data rate, generates the standby reference 
forthe PLL. A series resonant crystal between XTAL1 
and XTAL2 should be selected at twice the Data Rate. 
If acrystal oscillatoris not desired, then an external TTL 
compatible reference may be applied to XTAL1, leav- 
ing XTAL2 open. 


The SSI 32D5351 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non-Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
ofa DLYD DATApulse. Inthe Write and Idle Modes the 
Non-Harmonic Phase Detector is continuously en- 


Shifting the symmetry of the VCO clock effectively 
shifts the relative position of the DLYD DATA pulse 
within the decode window. This powerful capability 
easily facilitates defect- mappings, automatic calibra- 
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abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. | 


tion, window margin testing, error recovery, and sys- 
tematic error cancellation. For enhanced disk drive 
testability and error recovery, decode window controlis 
provided via a uP port (WSL, WSD, WSO, WS1) as 
described in Table 3. In applications not utilizing this 
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feature, WSL should. be connected to ground, while 
WSD, WSO, and WS1 can be left open. 


Window shifts inthe range of +1.5% to 7.5% of TORC 
are easily programmed by latching the appropriate 
control word into the Window Shift Register with the 
WSL pin. Shifts in the positive or negative directions 
result in early or late decode windows respectively, as 
depicted in Figure 3. Additionally, for small systematic 
error cancellation, a resistor, R, connected from either 
RS (Early) or RF (Late) to ground will provide analog 
control overthe decode window. The magnitude of this 
shift, TSA is determined by: | 


TSA = 0.125 TORC/|1 - 680 +R_ 
1180+R 


where: Ris in ohms 


Pins RF and RS are intended to be used as a trim and 
should be restricted to +1.5% window shifts. They can 
be used in conjunction with the digital control port. 


The VCO CLK and DRD ouputs can be used to esti- 
mate window centering and data bit shift. The rising 
edges of VCO CLK indicate the data detection window 
edges. The rising edge of DRD indicates the data bit 
position relative to the decode window. Two external 
resistors are required during such testing. A pull-up 
resistor of 130Q should be connected to VPD, while a 
pull-down resistor of 200Q should be connected to 
DGND. The resistors can be removed during normal 
operation to reduce power dissipation. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data and thus minimizes the associat- 


ed frequency step during acquisition. When the refer- 


ence input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divideris reset. By minimizing the phase 
alignment in this manner (phase error < 0.5 rads), the 
acquisition time is substantially reduced. 


The SSI 32D5351 provides two sync modes for con- 
trolling the PLL locking sequence; Soft Sector and 
Hard Sector. 
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SOFT SECTOR MODE 


The Soft Sector Mode activates the Preamble Search 
and Address Mark detection circuitry. As depicted in 
Figure 4, when RG transitions high, the counter is reset 
and the SSI 32D5351 requires 10 high to low transi- 
tions (Preamble ‘1’ bits) before switching the reference 
input to the PLL, 48 high to low transitions before 
switching the Read Reference Clock to the VCO clock 
divided by two and activating the Address Mark Detect 
circuitry; then it must detect the Address Mark prior to 
80 high to low transitions in order to enter the Read 
Mode. This sequence repeats after 95 input ‘1’ bits until 
the read mode is successiully entered or until RG is 
cancelled. 


When RG transitions high, the following PLL locking 
sequence begins: 


a) PREAMBLE SEARCH: 


The 3T detect circuitry initiates the PLL locking 
sequence once it has detected 10 consecutive 
‘100’ bit groups from the 3T preamble field. 
The 3T detect timing is set by the sum of the 
1/4 cell delay and the retriggerable one-shot 
delay. The 1/4 cell timing capacitor is included 
on-chip and its timing is externally set by 
resistor RR. The retriggerable one-shot timing 
is externally set by resistor Rd and capacitor 
Cd. The sum of their delays is set to 3.5 bit cell 
times. Therefore, a continuous stream of input 
pulses with a 3T bit cell time pulse rate keeps 
the one-shot reset, and a 4T or longer bit cell 
time input period allows the one-shot to time 
out producing a 4T detect pulse. The 4T detect 
pulse resets the Input Counter and the search 
is started over. 


b) PLL ACQUISITION: 


Once 10 consecutive ‘100’ bit groups are de- 
tected, the reference input to the PLL is 
switched from the crystal reference oscillator 
to the DLYD DATA, the VCOis phase reset to 
‘the next DLYD DATA pulse, and PLL acquis- 
tion begins. When an additional 38 ‘100’ bit 
groups are detected, the Read Reference 
Clock output (RRC) is switched to the VCO 
Clock divided by 2, the 4T Detect circuitry is 
inhibited, and the Address Mark Detection 
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circuitry is enabled. If a 4T detect pulse occurs 
before 48 Preamble ‘1’ bits are detected, then 
the PLL is locked back to the crystal reference 
oscillator, the RRC output is switched to the 
crystal reference oscillator divided by 2, the 
Input Counter reset, and the sequence is re- 
started. No short duration glitches will occur at 
the RRC output during this switching. 
C) ADDRESS MARK DETECTION: 
The circuit searches for the occurrence of the 
5EAxie Address Mark. If an Address Mark is 
detected prior to the Input Counter reaching 
count 80, the correct phase of the RRC is 
ensured by resetting the n/2 divider, the AMD 
output is latched low, the PLL training se- 
quence is terminated, and the Read Mode is 
entered allowing the data field to be read. Ifthe 
Input Counter reaches count 80 before the 
Address Mark is detected, the PLL is locked 
back to the crystal reference oscillator, the 
RRC output is switched to the crystal 
reference oscillator divided by 2, and the PLL 
training sequence is restarted when the Input 
Counter reaches count 96. Figure 5 depicts 
the Address Mark detection sequence. 


HARD SECTOR MODE 


In the Hard Sector mode (SOFT/HARD = 0) the SSI 
32D5351 utilizes a 4T (1000) Preamble Field and dis- 
ables the Preamble Search and Address Mark detec- 
tion Circuitry. It allows the PLL to be controlled directly 


by RG for Hard Sector format operation. With the ab- — 


sence of an Address Mark, the 4T Preamble Field is 
utilized to properly set the bit cell alignment bounda- 
ries for proper decoding. 


When RG transitions high, as depicted in Figure 6, 
reference input to the PLL is switched from the crystal 
reference oscillator to DLYD DATA, the VCO is phase 
reset to the next DLYD DATA pulse, and the PLL 
acquisition begins. When 32 ‘1’ Preamble bits are 
detected, the RRC output is switched to the VCO 
clock divided by 2, and the Read Mode is entered 
allowing the data field to be read. 
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In the Hard Sector mode, the NRZ output is inverted 
and will remain low until the data field is read, as shown 
in Figure 7. Since the Preamble Search circuitry is not 
utilized, the external one-shot timing components 
(Cd, Rd) are not required and the SDS pin can be left 
open. 


WRITE OPERATION 


Inthe Write Mode the SS! 32D5351 converts NRZ data 
from the controller into 2, 7 RLL formatted data for 
storage onto the disk. The SSI 32D5351 can operate 
with a soft or hard sectored disk drive. In the Soft 
Sector Mode, (SOFT/HARD = 1) the device generates 
a 3T Preamble Field and can insert a N7V Address 
Mark. The N7V Address Markis a valid 2, 7 RLL pattern 
which is not contained in the code set. In the Hard 
Sector Mode, (SOFT/HARD = 0) the device gener- 
ates a 4T Preamble Field and no Address Mark. Serial 
NRZ data is clocked into the SSI 32D5351 and latched 
on defined cell boundaries. The NRZ input data must 
be synchronous with the rising edges of the WCLK 
input. The WCLK input is a feature provided for opera- 
tion in an ESDI application to compensate for large 

cable delays. Ina SCSI or ST506 operation, WCLK is 
connected directly to the RRC output. 





Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol inter- 
ference. The SSI 32D5351 recognizes specific write 
data patterns andcan addor subtract delays inthe time 
position of write data bits to counteract the read back 
bit shift. The magnitude of the time shift, TPC, is deter- 
mined by an external R-C network on the PCS pin 
given by: 


TPC =0.15 (Rp)(Cp + Cs) 
Cp = 15 to 36 pF 
Rp = 1K to 3KQ 
Cs = stray capacitance 


When the ENABLE WRITE PRECOMP, EWP, input is 
low the SSI 32D5351 performs write precompensation 
according to the algorithm outlined in Table 4. 
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SOFT SECTOR MODE 


In the Soft Sector Mode, when WRITE GATE (WG), 
transitions high and the NRZ input is held low, the SSI 
32D5351 automatically generates the 3T (100) Pre- 
amble Field at the WRITE DATA (WD), output. The 3T 
Preamble Field will continue to be generated until the 
first low to high transition on the NRZ line. As shown in 
Figure 8, the first low to high transition occurs with the 
second bit ‘1’ of the 516 (0101) in the 5EAx1e Address 
Mark generation pattern. To generate the Address 
Mark, the SSI 32D5351 automatically changes the ‘1’ 
in the eleventh position (see note 3) of the 2, 7 RLL 
encoded sequence, to a ‘0’. This generates a pattern 
of seven zero's followed by two zero's. This unique 
pattern satisfies the 2, 7 RLL constraints, but will never 
occur during a normal encoding sequence. The xie of 
the 5EAxie Address Mark generation pattern can be 
selected, a ‘Cie’ (1100) was utilized in this example. 










011 
0010 


00001 000 


HARD SECTOR MODE 


Inthe Hard Sector Mode, when WG goes high and the 
NRZ input is held low, the SSI 32D5351 automatically 
generates the 4T (1000) Preamble Field at the WRITE 
DATA, WD, output. Note that in the Hard Sector 
mode, the NRZ input is inverted, therefore a constant 
low is equivalent to an ‘11...’ input which generates 
the 4T ‘1000...’ Preamble Field. The 4T Preamble 
Field will be generated between the time WG goes 
high and the first low to high transition on the NRZ line. 
The 32D5351 requires a minimum of 32 4T us 000) bit 
groups prior to the data field. 






TABLE 1: 2, 7 RLL Code Set 





TABLE 2: Mode Control 
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TABLE 3 : Decode Window Symmetry Control 


ENCODED 2, 7 RLL DATA PATTERN 
COMPENSATION 





TABLE 4 : Write Precompensatiom Algorithm 
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AVERAGE 
AVERAGE OUTPUT CURRENT 
OUTPUT CURRENT 





ERROR ~ @ ERROR 


a) HARMONIC MODE. | b) NON-HARMONIC MODE 


Note 1) lo is the magnitude of the charge pump current. 
2) Phase error is relative to the VCO period 





FIGURE 1: Phase Detector Transfer Funtion 


2,7 RLL DATA 


RD 
1/4 CELL 


DLYD 
DATA 


VCO 


RRC 
(DECODE WINDOW) 


PHASE DET 
ENABLE 





FIGURE 2: Data Synchronization Waveform Diagram 
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DATA 
VCO 


RRC 
(DECODE 
WINDOW) 





RG 


3T DETECT 


XTAL 
DLYD DATA 


PLL REF 2 
ADDRESS — MARK 9 
DETECT ENABLE 


VCO RESTART 2 


2 vco 
RAC SOURCE 
XTAL 


AMD 


INPUT COUNTER * 
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DLYD DLYD 
DATA DATA 


VvcoO VCO 


RRC RRC 
(DECODE Mies 
WINDOW) INDOW) 


(a) EARLY (b) NORMAL (c) LATE 


FIGURE 3: Decode Window 


3T (100) PREAMBLE FIELD 


ADDRESS FIELD 


PQIDO™@BRAXROEIIDIEKRIKIK XIII 


DOOD KKKAKAKA 


48 


Notes: 1) Dashed lines represent conditions where AMD did not occur 


2) Representations of internal signals 
3) Dotted lines represent a high impedance output state 


FIGURE 4: Soft Sector Mode Timing Diagram 
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vco out?” 


RRC 


DECODED 
DATA 


2 ‘ 
<—___________——- SYNC FIELD ———_——_+}+—______- 1g ——__> | «_____ € 1, —__ 


Notes: *1) These four bits can be any combination, C16 (1100) was selected in this example 
*2) The 5E16 of the SEAx16 Address Mark is not read back 
*3) Representations of internal signals 





FIGURE 5: Address Mark Detection and NRZ Output Waveform 


4T (1000) PREAMBLE FIELD DATA FIELD 


PLL REF* : 
DLYD DATA 


VCO RESTART? | | | | 


2 VCO . 
RRC SOURCE | | 
XTAL 


INPUT. COUNTER 
a | 32 


.0 


Notes: 1) Dashed lines represent a high impedance output state 
2) Representations of internal signals 





FIGURE 6: Hard Sector Mode Timing Diagram ~ 


0689 


SSI 32D5351 
Data Synchronizer/ 2, 7 RLL ENDEC 
with Write Precompensation 


31 32 
INPUT COUNTER 


encovenz.7onrs [+ fofolo]+felole[+fole|+|olo}oj+|olo|+|o|ofe|ejo| oj+| o|o| 


vco out!” 


RD 
DLYD DATA’ 


XX2QOOOOODOXO 
DECODED NRZ DATA 


NRZ OUTPUT 2 


NOTE: 1*) Representation of internal signal 
2*) In hard sector mode the NRZ output is inverted 





FIGURE 7: Hard Sector Mode Decode Timing 


+ 5g. —____»> + -—___- Eg. ——___»>s«»_____ Ay, —___»>-_____ x, 1" ——___»>+—__ pata ——> 


weuTdaTa | o | o | + fo fa fa fr fa fofsafo fs [ofr fsrfojofolo|s | 
NAZ 


VCO OUT?” 


RRC (WCLK) 


WD 


ENCODED 2,7 
DATA 


lofolrjololsfololslo|o tlojoj1sfolo tfolololsfolofofs|ojol+fojojo|sfofojsfofojo| 


NOTE: 1*) X16 can be any combination, C16 (1100) was selected in this example 
: 2") Internal signal 
3*) Deleted output pulse to encode Address Mark 





FIGURE 8: Write Address Mark Generation 


0689 3-107 


TTL Inputs: | 
| VIH, High Level Input Voltage 2.0 © 


| JH, High Level Input Current 


SSI 32D5351 
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ABSOLUTE MAXIMUM RATINGS 


| PARAMETER | ee RATINGS 


Storage Temperature | -65 to +150 
Ambient Operating Temperature, Ta 0 to +70 °C 
Junction Operating Temperature, Tj 7 0 to +130 °C 













Supply Voltage, VCC -0.5 to 7 Vde 
Voltage Applied to Logic inputs -0.5 to VCC +0.5 Vdc 


DC ELECTRICAL CHARACTERISTICS - unless otherwise specified, 4.75V < VCC 
< 5.25V, Ta = 0°C to 70°C, 10 MHz < 1/TORC < 20 MHz, 20 MHz < 1/TVCO < 40 MHz | 


CONDITIONS __ | Mn | 
















PARAMETER 


[20 
Vit, tow Level nput Vonage SSSSC~iCSSS 
[ew 

ara 





IIL, Low Level Input Current VIL = 0.4V 


TTL Outputs: 


VOH, High Level Output Voltage | IOH = -400 uA 2.4 
VOL, Low Level Output Voltage | IOL=4mA 7 ee 


Test Point Outputs: DRD, VCO CLK (See Figure 12) 


VOH, High Level Ouput Voltage RL= 130Q to VPD, 
200Q to DGND VPD-0.720 
VOL, Low Level Output Voltage RL= 130Q to VPD, | 

200Q to DGND 





ICC, Power Supply Current All outputs open 


DYNAMIC CHARACTERISTICS AND TIMING 


‘ 





READ MODE (See figure 9) | 


TRO, Read DataPusewitn | | 
TFRD, Read Data Fall Time 2.0V to 0.8V, CL< 15 pF es 
TRRC, Read Clock Rise Time 0.8V to 2.0V, CL < 15pF ee 
TFRC, Read Clock Fall Time 2.0V to 0.8V, CL < 15pF aa 


TPNRZ, NRZ (out) 
Propagation Delay 














: 

Toray | 
| | ts | ns | 
a a 
se 
Pts | 
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READ MODE (Cort.) 


PARAMETER CONDITIONS | MIN | MAX UNIT 
TPAMD, AMD 
Propagation Delay -15 15 ns 
1/4 Cell + Retriggerable 
One-Shot Detect Stability 4.5V < VCC <5.5V +4 %o 

( ) 


1/4 Cell + Retriggerable TD = 3.58 (RR +1.2 
One-Shot Delay” + 0.14 Rd (Cd +Cs)** 
RR = KQ 

Rd = KQ 

Cd = 68 pF to 100 pF 


Note: * = Excludes External Capacitor and Resistor Tolerances. ** Cs = Stray Capacitance 


CONDITIONS | pmax | UNIT 
CL <15 pF TORO/2 (TORO/2) +12 
TFWD, Write Data Fall Time — 2.0V to 0.8V, CL< 15 pF 


TOWC. Write Data Clock 

Repetition Period TORO-12 TORO +12 
TRWC Write Data 

Clock Rise Time 0.8V to 2.0V 


( 
TFWC Write Data 
Clock Fall Time 2.0V to 0.8V 
TWDC_ Compensated Write 
Data Pulse Width CL < 15 pF (TORO/2)-2TC-12 


THNRZ, NRZ (in) Hold Time 
TE, TL Write Data | TPC = 0.15(Rp)(Cp + Cs 
Compensation Accuracy | Cp = 15 pF to 36 pF 0.8TC 1.2TC 
Cs = Stray Capacitance 
Rp = 1K to 3KQ 


DATA SYNCHRONIZATION 


PARAMETER 


TVCO VCO Center Frequency VCO IN = 2.7V 
Period | TO =7.15E - 12 (RR + 1200) 
























WRITE MODE (See Figure 10) 





PARAMETER 


TWD, Write Data Pulse Width 


)-12 
20 
7 
)-2TC- 













VCC = 5.0V ; : sec 
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DATA SYNCHRONIZATION (Cont.) 


PARAMETER CONDITIONS | | MIN 








KVCO VCOControlGain =| wo=2n/TO 0.14m0 0.20mo0 | rad 
1.0V < VCO IN < VCC -0.6V | sec-V 
KD Phase Detector Gain KD = 0.309 / (RR +500) 
| VCC =5.0V : 0.83KD 1.17KD | A/rad- 
| KVCO x KD Product | 
| Accuracy | +28 
+ (0.01 
TORC + 2) 


Decode Window 
Centering Accuracy 












-0.5 
Decode Window | onc 2 
1.15 TS1 


= ; 
fw fw 
TS1 Decode Window Time | 
Shift Magnitude TS1 = 0.015 TORC 0.85 TS1 ec 
3 
| ec 
3 Decode Window Time | | 
Shift Magnitude TS3 = 0.075 TORC 0.90 TS3 1.1TS3 | sec. 
) sg 


: 
TS Decode Window Time | 
Shift Magnitude TS2 = 0.06 TORC 0.90 TS2 1.1 TS2 Ss 
TS 
S 
S 










T 1.35TSA 









Decode Window Time TSA=0.125 Torc(1 _ 680+R ) 


0.65 TSA 
1780 +R | 


. Shift Magnitude 






with: R in ohms 











CONTROL CHARACTERISTICS (See figure 11) 
TSWS, WSO, WS1, WSD 

Set Up Time | | 

THWS, WSO, WS1, WSD 

‘Hold Time 

RG, WG, SOFT/HARD 

Time Delay 





in 
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NRZ (OUT) 





FIGURE 9: Read Timing 


REFERENCE 
OSCILLATOR 


NRZ (IN) 





FIGURE 10: Write Timing 
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FIGURE 11: Control Timing 


DRD 
bit position 


VCO CLK 
Decode 
Window 


Edges 





FIGURE 12: Test Point Timing 
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PACKAGE PIN DESIGNATIONS 


TOP VIEW 
Oo « Q E G6 pe 2 
© > S&S & ate &s 
SOFT/HARD = me 





PCS RG 
WD 
VPD 


25 |] xTAL2 


241} ] XTAL1 


{ 
2 
3 
4 
5 
6 
7 
8 
9 





NC VCO IN 23 | | DGND 
XTAL2 Pp out [ SSI 32D5351-CH 22|} RRC 
XTALt AGND 21 || WCLK 
soins a 20/7] NRZ 
RS 10 
RRC 
WCLK RF []11 | 19 [] AMD 
AMD | 8 BP 4% 5 2 B 
2c = 6 o£ ¢@ 8s 
WSL Q 
WSD = 
WS1 
VCO CLK 28 Pin PLCC > 
NOTE: Does not include the following pins which are available on the 32-Pin 
Packages 
- SD0 
32 LEAD SOW, DIP - EPD 


¢ SOFT/HARD (internally pulled up high) 
So must be used in soft sector applications only. 





~ ORDERING INFORMATION 


: PART DESCRIPTION ORDER NO.  PKG.MARK 


SS! 32D5351 32-Pin Small Outline - Wide SSI 32D5351 - CW 32D5351 - CW 
SSI 32D5351 32-Pin Plastic DIP | SSI 32D5351 - CP 32D5351 - CP 
SSI 32D5351 28-Pin Plastic - Quad SSI 32D5351 - CH 32D5351 - CH 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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Protected by the following Patents (4,800,340) (4,803,445) 3-114 








SSI 32D535/5351 
Si P vl KOS Application Note 








June, 1989 
PIN DIAGRAM PIN DIAGRAM 
EWP {] 1 SOFT/HARD Ewp [j 1 SOFT/HARD 
WG 2 PCS WG 2 PCS 
VPA [] 3 WD VPA [] 3 WD 
Joye) 4 VPD SDO 4 VPD 
RD 5 NC RD 5 NC 
RG 6 XTAL2 — RG 6 XTAL2 
SDS 7 XTAL1 SDS 7 XTAL1 
EPD 8 DGND EPD 8 DGND 
VCO IN 9 RRC VCO IN 9 RRC 
PD OUT 10 WCLK PD OUT 10 WCLK 
AGND 11 NRZ AGND 11 NRZ 
RS 12 AMD RS 12 AMD 
RF 13 WSL RF 13 WSL 
IREF 14 WSD IREF 14 WSD 
‘WSO [| 15 WS1 WSO [] 15 WS1 
DRD 16 VCO CLK DRD 16 VCO CLK 
SSI 32D535 SSI 32D5351 
BLOCK DIAGRAM 
IREF VPA VPD DGND AGND  EPD Gut iN RF RS WSD WS1 WSO WSL 


CODE 
Et ie Veo uk 
PHASE 
RO DELAY MUX DETECTOR 
RRC 
XTAL1 [7] CRYSTAL 


DAB [] 
REFERENCE 
OSCILLATOR 
XTAL2 
i CONTROL AG 
WG 
SDS 
. RETRIGGERABLE 
ONE-SHOT 
PREAMBLE 
DETECT SYNCHRONIZER 


7 NRZ 
WRITE 
WD PRECOMPENSATION SYNCHRONIZER 2, 7 ALL 

K 


ADDRESS 
nore L] AMD 


ENCODER 


WCLK 





pcs EWP 
0689 3-115 - CAUTION: Use handling procedures necessary 
for a static sensitive component. 





SSI 32D535/5351 
Application Note 





APPLICATIONS INFORMATION 
REFERENCE OSCILLATOR 


An internal reference oscillator, operating at twice the data rate, generates the standby reference for the PLL. A 
series resonant crystal between XTAL1 and XTAL2, should be selected at twice the Data Rate. If a crystal 
oscillatoris not desired, then an external TTL compatible reference may be applied to XTAL1, leaving XT AL2 open. 


An R-C network is employed on the demonstration board for operation with the crystal oscillator. The purpose 
of this network is to minimize the coupling of noise into the clock. The R-C network from XTAL1 to ground lowers 
the impedance to reduce capacitive coupling effects. In applications utilizing a TTL compatible reference signal, 
this network should be removed. 


If it is desired to operate a crystal at a non-fundamental or harmonic frequency, then the following network is 
suggested: : 


XTAL 1 XTAL 2 
24 25 
a Wy = 2nF, = aa 
fe) fe) ite 
0.01 LF 
Qo = W, C Rin 
C L 0 = %o 


The typical input impedance looking into XTAL1 is approximately Rin = 250Q. It is recommended to design the 
value of Qo at approximately 10 to 15. Therefore, a resonant frequency of Fo = 20 MHz would result in L = 0.16 
wH and C = 380 pF. | 


lf a crystal oscillator is not desired. Then an external TTL Compatiable reference may be applied to XTAL1 leaving 
XTAL2 open. It is recommended, however that the TTL signal be attenuated then A.C. coupled into XTAL1 
(Pin 17) using the following network: 


6200 0.1 pF 


TTL CLOCK INPUT , |——|__XTAL! 


300 © 


The signal amplitude into XTAL1 should be attenuated to approximately 1.0 Vp-p; this willinsure that the transients 
associated with TTL switching characteristics won't couple into the SSI 32D535/5351 and degrade performance. 
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LOOP FILTER 


The performance of the SSI 32D535/5351 is directly related to the selection of the loop filter. The loop filter 
characteristics should be optimized for: | 


(A) Fast Acquisition 


The ability of the loop to quickly obtain lock when the input signal to the Phase Detector is switched 


between the reference oscillator (crystal) and the Read Data (RD). Fast acquisition implies a large loop 
bandwidth so that it can quickly respond to changes at the input. 


(B) Data Margin 


The ability of the loop to ignore bit shifts (jitter) and maintain a well centered window about the data pulse 
train. In general, it is not desirable to allow the loop to respond to a single shifted bit as this would cause 
the subsequent bit to be poorly centered within its window and possibly cause anerror. This requirement 
implies a small loop bandwidth reducing the sensitivity to high frequency jitter. 


(C) Data Tracking 


The ability to respond to instantaneous changes in phase and frequency of the data. This can be a result 
of such phenomena as disk rotational speed variations which cause changes inthe characteristics of the 
incoming data stream. In general, this requirement is consistent with that of fast acquisition, however, this 
depends upon the application. 


Although the loop performance characteristics place conflicting requirements on the loop bandwidth, the 
architecture of the SSI 32D535/5351 significantly simplifies the design by minimizing the “step in phase” and “step 
in frequency” encountered when switching the Phase Detector input reference signal. A zero phase restart 
technique is employed to minimize the initial phase error while the standby reference oscillator keeps the VCO 
at the center frequency during non-read modes. 

One approach in determining the initial loop filter selection is to consider the requirements imposed during 
acquisition. This includes both acquiring lock to the crystal reference in non-read modes, as well as locking to the 
preamble field prior to decoding data. The format of the sector will dictate which of these two criteriaimposes the 
tightest restriction on acquisition. 


The requirements for acquiring lock to the crystal oscillator are application specific and usually depend upon the 
length of the Write Splice gap. Therefore, the design approach employed in this analysis will be based upon the 
requirements during acquisition to the preamble field. The length (in time) of the preamble field is set by the SSI 
32D535 locking sequence. Knowing this length in time, and that our initial phase error is less than 0.5 radians, 
we can determine an acceptable loop bandwidth (an) and damping factor ({). 
One possible loop filter configuration is as follows: 

lin , 


O 
+ 


Cy 
Vout 
- 7 7 
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The role of C1 is as anintegrating element. The larger this capacitance, the longer the acquisition time; the smaller 
the capacitance, the greater the ability to track high frequency jitter. The resistor R reduces the phase shift induced 
by C1. The capacitor C2 will suppress high frequency transients and will have minimal effect onthe 2120p response 
if it is small relative to C1 nea C2 = C1/10) : . 


The loop filter transfer functionis: F(s)=——=————___________ 
lin sc (1+sC R+C /C.) 

1 2 - 20 1 | 
Vout 1+sRC, 


lf C2 <<C1,then: F(s)=——-=}=———— 
lin st. 





The overall block diagram for the phaselock loop can be described as: 


: 8 out (s) 






. at | ? 
9 in (s) —9—[0 ]>[Fa} | 22 


Where, 


KD=Phase Detector gain [A/rad] F(s) =Loop filter impedance [V/A] KvcO ~VCO Aeakeal gain [rad/sec ~V] 
| . § 


N = The ratio of the reference input frequency to the VCO output frequency 


The closed loop transfer function is: 


Gout (s) Gis) KD*KVCO[(1+sRC,)/C,] 


~ @in(s) 14+G(s)H(s) ~ N*KD *KVCO 
| | C 


4 


-§°4s[N*KD *KVCO+R]+ 


by putting the characteristic equation (denominator) in the form of: | 
2 


2 
s +2sCmn+on 
we can solve for wn and-C to get: | 
2_N*KD«KVCO 4 N*KD*KVCO+R 
qn’ = mre a 
Now we can solve for R, C1 and C2: 
cr-NtKD*KVCO 8 =p 2G@n pe 
| 2 ~ N*KD*KVCO 10 
con 
where: (gn = loop bandwidth : C =loop damping factor 
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Because of the nature of Run Length Limited (RLL) codes, the Phase Detector will only be enabled during a data 
pulse. This technique allows the VCO to run at a center frequency with period, TVCO, equal to one encoded data 
bit cell time. 


Figure 13 represents the relationship between the VCO output when locked to various Phase Detector input 
signals. 





—+| TVCO k— 


VCO OUTPUT O 


REFERENCE OSCILLATOR 
INPUT 


'3T' INPUT 


‘'4T’ INPUT 


'8T' INPUT 





FIGURE 13: Relationship of VCO Output to Phase Detector Input . 


The average amplitude of the Phase Detector gain depends upon the Phase Detector input signal. When the PLL 
is locked to the reference oscillator, the Phase Detector is continuously enabled and the gain is at its maximum. 
When the PLL is tracking data and the input is an "8T" pattern, then the Phase Detector gain is at its minimum. 
The following indicates the value of "N" for various input conditions: 

N = 1.0 , for Gin = reference oscillator 

N=0.33 _ , for 6in = 3T (100) preamble field (maximum data frequency) 

N=0.25 _ , for 8in = 4T (1000) preamble field 

N=0.125_, for 8in = 8T (minimum data frequency) 
Throughout this analysis the PLL has been considered as acontinuous time system. In actuality the characteristics 


of the Phase Detector resultin asampled data system. By utilizing anintegrating loop filterto average and smooth 
the Phase Detector change pump output pulses, this analogy should be reasonable. 


LOOP FILTER - Example for a 10 Mbits/s Soft Sector Application 


In the soft Sector mode the PLL locking sequence allows the VCO to be within a determined amount of error after 
38 x ‘3T’ (100) bit groups. At 10 Mbits/s each data bit cell time, TVCO, is equal to 50 ns. This results in: 


tmax = (38)(3)(50ns) = 5.7 us 
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Therefore, the PLL has 5.7 us to settle to within an acceptable amount of error before tracking and decoding data. 
Because the SSI 32D535 employs a zero phase restart technique, the initial phase error is less than oe TORC 
(0.5rad) or: 


,8 e < (0.08)(100ns) 
: 8 e<8ns 
| Determining an acceptable amount of phase error after locking to the preamble field depends upon the system 
| requirements. In addition, it may be necessary to consider the effects of frequency steps in applications where 
motor speed control tolerances are significant. Generally, an acceptable amount of error is defined to be that 


amount which when added to all other timing error contributors, results in the data being within its timing window 
by the required margin. 


In general, it is desirable to have the loop damping factor “C” between 0.5 and 1.0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. For this example we will let ¢ = 0.7. 


Figure 14 represents the phase errors response in time to a transient step in phase as a function of the loop 
bandwidth and damping factor. Figure 15 indicates the response of the VCO control voltage to compensate io 
this step in phase. 


As shown in Figure 14, with C = 0.7, our initial transient phase error will be at most 22% of its original value at ont 
=2.3, 7.5% at wnt = 4.0, etc. For this example we want the final phase error to be less than 1% of its original level. 
This results in a wnt between 5 and 6. To simplify the results, let wnt = 5.7. 


This loop filter configuration and its component values should be considered a starting point. The final value of 
wn depends upon the system requirements and can certainly be optimized for a specific application. In the table 
below, we have listed some suggested external component values for several common data rates. 


Now, — 
@nt= 5.7 


and tmax = 5.7uS 
. @n= 1.0° 10° rad/sec 


with C= 107 
Since we are evaNalng the el response during acquisition to the ‘3T’ preamble, N = 0.33. 


Now we have all the information required to calculate the loop filter component values. 


RR= 35670 7 : RR= 35670 — 


wn = 1.0 10° rad/sec | = 1.0* 10° rad/sec 
a7 Se 7 oe) lel bs O07 | 7 
KD(typ) = 0.309/(RR+500) = 7.6 + 10° Arad KD(typ) = 0.309/(RR+500) = 7.6 « 10° A/rad 
KVCO(typ) = 0.170 = 0.17(2n)/T0 = 2.14 +107 rad/sec-volt | KVCO(typ) = 0.170 = 0.17(2n)/TO = 2.14 « 10” rad/sec-volt 
| N = 0.33 N = 0.33 


3-120 0689 


SSI 32D535/5351 
Application Note 





Fe Ses] Gs aba Ee Goer Ce nC 


eS ES eS | ee 


es a a ge 
He RB Oe 2 ea a = 
ead a BE GD 


YOUN ASVHd G3AZIIWNHYON © 





FIGURE 14: TRANSIENT PHASE ERROR @e(t) DUE TO A STEP IN PHASE A@ 
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FIGURE 15: TRANSIENT PHASE ERROR @e(t) DUE TO A STEP IN FREQUENCY Aw 
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LAYOUT CONSIDERATIONS 


As with other high frequency analog devices the SSI 32D535/5351 requires care in layout. The designer should 
keep analog signal lines as short as possible and well balanced. Use of a ground plane is recommended, along 


i (TOP VIEW) 
' 

EWP 1 SOFT/HARD 
we [] 2 PCS 
vPA [| 3 WD 

Spo [| 4 vPD 

RD Os NC 
Ae [] 6 XTAL2 
sps [| 7 XTAL1 
EPD [] 8 DGND 
VCOIN [| 9 RRC 
PD OUT WCLK 
AGND NRZ 
RS AMD 
RF WSL 

IREF WSD 

"WSO WSi 

DRO VCO CLK 





32 LEAD SOW, DIP 


PACKAGE PIN DESIGNATIONS 


with supply bypassing to separate the SSI 32D535/5351, and associated circuitry, from other circuits on the PCB. 


la 
= 


|| VPD 


“Y 
© 
oO 
{___ 







RG 251} XTAL2 


sps [|6. | | 24[] XTALI 


VCO IN | 23 [] DGND 
PD OUT SSI 32D5351-CH 22 || RRC 
— AGND []9 21 {] weLk 


RS [| 1¢ 20 | | NRZ 


16 


Eo ce a ee a a a 
bi. Os TS Ae Ce ed 
eB o 2 2 8 
O 
> 
28 Pin PLCC 


NOTE: Does not include the following pins which are available on 


the 32-Pin packages 


_ © SD0 
*EPD | 
¢ SOFT/HARD (internally pulled up high) 
So must be used in soft sector applications only. 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 


in specifications at any time without notice. 





©1989 Silicon Systems, Inc. 
Protected by Patent Nos. (4,800,340) (4,803,445) 
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SSI 32D536 
4 i ® Data Synchronization/ 
Sl ref 1,7 RLL ENDEC 


DESCRIPTION FEATURES 


The SSI 32D536 Data Synchronizer/1,7 RLLENDEC ° Data Synchronizer and 1,7 RLL ENDEC 
provides data recovery and data encoding for storage 
systems which employ a 1,7 RLL encoding format. : é 
Data synchronization is performed with a fully inte- pale ate Pootammed wile singeenaim 


resistor 
grated high performance PLL. A zero phase restart os : 
technique is used to minimize PLL acquisition time. ° OPtimized for operation with the SSI 320452 and 


° 7.5 to 15 Mbits/sec operation 





The SSI 32D536 has been optimized for operation as AIC 010 controllers. 

a companion device to the SSI 32C452 and AIC 010 + ° Fast acquisition phase lock loop 

controllers. The VCO frequency setting elements are - Zero phase restart technique 

incorporated within the SSI 32D536 for enhanced ° Fully integrated data separator 

performance and reduced board space. Data rate is - No external delay lines or active devices required 


established with a single external programming resis- * Programmable write precompensation 
tor. The SSI 32D536 utilizes an advanced bipolar 


process technology which affords precise decode 
window control without the requirement of anaccurate ° Crystal controlled reference oscillator 
1/3 cell delay or external devices. The SSI 32D536  , 
requires a single +5V supply. 


* Hard and soft sector operation 


+5V operation 
* 28-pin PLCC & 28-pin DIP packages 


* Test outputs - Allow drive margin testing with 
available test chip 





BLOCK DIAGRAM 


{REF DRO VCO REF EPD PD OUT VCOIN VCO CLK VPA1 VPA2 


"| REFERENCE {: 
CURRENT 


"] REFERENCE 
“JOSCILLATOR 
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OPERATION 


The SSI 32D536 is designed to perform data recovery 
and data encoding in rotating memory systems which . 


utilize a 1,7 RLL encoding format. In the Read Mode 
the SSI32D536 performs Data Synchronization, Sync 
Field Search and Detect, Address Mark Detect, and 
Data Decoding. In the Write Mode, the SSI 32D536 
converts NRZ data into the 1,7 RLL format described in 
Table 1, performs Write Precompensation, generates 
the Preamble Field, and inserts Address Marks as 
requested. The interface electronics and architecture 
of the SSI 32D536 have been optimized for use as a 
companion device to the SSI 32C452 or AIC 010 
controllers. 


The SSI 32D536 can operate with data rates ranging 
from 7.5 to 15 Mbits/sec. This data rate is established 
by a single 1% external resistor, RR, connected from 
pin IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/3 cell delay. The value 
of this resistor is given by: 


RR =926 -23(KQ) 
DR 


where: DR = Data Rate in Mbits/sec. 


An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer- 
ence for the PLL. A series resonant crystal between 
XTAL1 and XTAL2 should be selected at three times 
the Data Rate. If acrystaloscillatoris not desired, then 


an external TTL compatible reference may be applied | 


to XTAL1, leaving XTAL2 open. 


The SSI 32D536 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
ofaDYLD DATApulse. Inthe Write and Idle modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 


lock. By acquiring both phase and frequency locktothe | 


crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 


The phase detector incorporates a charge pump in 


order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 


The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. | 


READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 
sequence.and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


In the Read Mode the falling edge of DRD enables the 
Phase Detector while the rising edge is phase com- 
pared to the rising edge of the VCO/2. As depicted in 
Figure 1, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is devel- 


oped from the VCO/2 clock. By utilizing a fully inte- 


grated symmetrical VCO running at three times the 
data rate, the decode window is insured to be accurate 
and centered symmetrically about the rising edges of 
DRD. The accuracy of the 1/3 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of the decode window. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data andthus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divideris reset. By minimizing the phase 
alignment in this manner (phase error < 1 rads), the 
acquisition time is substantially reduced. 
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SOFT SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 
(7 "0", 7 “O", 11 “O", 11 “0") 
19"3T 


ADDRESS | 3X BIT ee 


| RG ENABLE 


ADDRESS MARK DETECT 


(See figure 6) | 

In Soft Sector Read Operation the SSI 32D536 must 
first detect an address markto be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D536 consists of two (2) 7 “0” patterns followed 
by two 11 “0” patterns. To begin the read lock se- 
quence the Address Mark Enable (AMENB) is as- 
serted high by the controller. The SSI 32D536 Address 
Mark Detect (AMD) circuitry then initiates a search of 
the read data (RD) for an address mark. First the AMD 
searches for six consecutive “0’s” within the 7 “0” pat- 
terns. Having detected 6 “0's” the AMD then searches 
for 9 consecutive “0's” set within the 11 “0’s." If AMD 
does not detect 9 “0’s” within 5 RD bits after detecting 
6 “O’s” it will restart the Address Mark Detect sequence 
and look for 6 “0’s.”. When the AMD has acquired a 6 
“0,” 9 “0” sequence the AMD transitions low disabling 
AMENB input. When AMENBis released, AMD will be 
released by the SSI 32D536. 


PREAMBLE SEARCH 


- After the Address Mark (AM) has been detected a 


Read Gate (RG) can be asserted initiating the remain- 
der of the read lock sequence. When RG is asserted 
an internal counter counts negative transitions of the 
incoming Read Data (RD) looking for (3) consecutive 
"3T" patterns. Once the counter reaches count 3 (finds 


. (3) consecutive "3T's" preamble) the internal read gate 


enables switching the phase detector from the refer- 
ence oscillator to the delayed Read Data input (DRD); 
at the same time a zero phase (internal) restart signal 
restarts the VCO in phase with the read reference 
clock. This prepares the VCO to be synchronized to 


_ data when the bit sync circuitry is enabled after VCO 
lock is established. 


with Write Precompensation 





VCO LOCK & BIT SYNC ENABLE 


When the internal counter counts 16 more “ST's” ora 
total of 19 negative transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches from the reference oscil- 
latorto VCO clock signal whichis phase lockedto DRD. 
The VCO is assumed locked at this point. A maximum 
of 2 RRC time periods may occur for the RRC transi- 
tion, however, no short duration glitches will occur. 
After the bit sync circuitry sets the proper decode 


~ window (VCO in sync with RRC and RRC in sync with 


data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 


HARD SECTOR OPERATION 


Disk Operation Lock va hens in Read Mode Hard 
Sector Operation 


| 19 "3T" 
3X VCO BIT Sof yaa 
LOCK SYNC ID/ECC DATA 


| RG ENABLE 


In hard sector operation a low AMENB disables the 
SSI 32D536’s Address Mark Detection circuitry and 
AMD remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se- 
quences identically. In all respects, with exception to 
the address mark search sequence, hard sector read 
operation is the same as soft sector read. 


WRITE MODE 


In the write mode the SSI 32D536 converts NRZ data 
from the controller into 1,7 RLL formatted data for 
storage onthe disk. The SSI 32D536 can operate with 
a soft or hard sector hard drive. 


In soft sector operation the device generates a (7 "0's" 
7 "0's," 11 "O's," 11 "O's") Address Mark, and a pre- 
amble pattern. 


In the hard sector operation the device generates a 
3 x “3T” preamble pattern but no preceding Address 
Mark. Serial NRZ data is clocked into the SSI 32D536 
and latched on defined cell boundaries. The NRZ input 
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data must be synchronous with the rising edges of the 
WCLK input. The WCLK inputis a feature provided for 
operation in an ESDI application to compensate for 
large cable delays. InSCSlorST506 operation, WCLK 
is connected directly to the RRC output. . 


Write precompensation circuitry is provided to com- 
pensate for media bit shift caused by intersymbol inter- 
ference. The SSI 32D536 recognizes specific write 
data patterns and can addor subtract delays inthe time 
position of write data bits to counteract the read back bit 
shift. The magnitude of the time shift, TPC, is deter- 
mined by an external R C network onthe PCS pingiven 
by: | 
TPC = WP(0.053)(Rc)(Cc + Cs) 

When the write precompensation control latch, WCL is 
low, the SSI 32D536 performs write precompensation 
according to the algorithm outlined in Table 3. The 


magnitude can be programmed as described in Table 
4. 


SOFT SECTOR 


In soft sector operation, when Read Gate (RG) transi- 
tions low, VCO source and RRC source switch from RD 





1,7 RLL DATA 


RO 


vco/2 * 


and VCO/3, respectively, to the reference crystal. At 
the same time the VCO (internal) lock goes inactive but 
the VCOis locked to the reference crystal. After a delay 
of 1 NRZ time period (min) from RG low, the Write Gate 
(WG) can be enabled while WDNRZ is maintained 
(NRZ write data) low. The Address Mark Enable 
(AMENB) is made active (high) a minimum of 1 NRZ 
time period later. The Address Mark (consisting of 
7 “0’s,” 7 “0's,” 11 “0’s,”11 “O’s”) and the 3 x “3T” 
Preamble is then written by WDO. WDNRZ goes 
active at this point and after a delay of 5 NRZ time 
periods begins to toggle out WDO encoded data. 
Finally, at the end of the write cycle, 5 NRZ of blank 





- encoded time passes to insure the encoder is flushed 


of data; WG then goes low. 


HARD SECTOR 


In hard sector operation, when read gate (RG) transi- 
tions low, VCO source and RRC switch references and 
VCO lock (internal) goes inactive as with soft sector but 


- the AMENB (address mark enable) is low. 


The SSI 32D536 then sequences from RG disable to 
WG enable and WDNRZ active as in soft sector opera- 
tion. . 





Pee 


DECODE WINDOW * ee 
PHASE DET . | | 
ENABLE 
RRC | | | | | 
NRZ BIT CELL peas ae Seay 


NOTE: * Denotes internal signal 





FIGURE 1: Data Synchronization Waveform 
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| | 
ea arerare. 


PRESENT 


Keo X Key 
Yi 1,7 CODE 
ae ale ae ia a 

PREVIOUS | | NEXT 

CODE WORD CODE WORD 

LAST BITS ————s | FIRST BIT 


| 1 WORD BIT | 





FIGURE 2: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 


TABLE 1: 1,7 RLL Code Set 


PREVIOUS | 
CODE WORD DATA BITS 
LAST BITS PRESENT NEXT CODE BITS 


X = Don't care 


* = Not all zeros 
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TABLE 2: Clock Frequency 


|VCOREF | RRC | DECCLK | ENCCLK | MODE_ 










|wa | RG 

po | o | xtave. 
po | 1 | FO | voos | voor | xtave | READ | 
1 | 0 | xrave | xraus | xtave | xTav2 | WRITE 


Note 1: Until the VCO locks to the new source, the VCO/2 entries will 
be XTAL/2. 


2: Until the VCO locks to the new source, the VCO/3 entries will 
. be XTAL/3. 7 | 























pon finet fe | Bin 
(1 | NONE | 
To [none 
oo | EARLY 


Bit nis time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 


EARLY: Bit nis time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. 








TABLE 4: Write Precompensation Magnitude 


The nominal magnitude, 
(TPC = WP x 0.053 (Rc) (Cc+Cs), is externally 
set with an R-C network on pin WCS. 
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PIN DESCRIPTION 


INPUT PINS 


TYPE DESCRIPTION 


READ DATA: Encoded Read Data from the disk drive read channel, active 
low. 
RG READ GATE: Selects the PLL reference input (REF),see Table 1. Achange | 
in state on RG initiates the PLL synchronization sequence. 
PWG st WRITE GATE: Enables the write mode, see Table 2. 
WRITE CLOCK: Write Clock input. Must be synchronous with the NRZ 


Write Datainput. For small cable delays, WCLK may be connected directly 
to pin RRC. 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on pin VCO IN. Pin EPD has an internal resistor 
pull up. 
























WRITE PRECOMPENSATION CONTROL BITS: Pins WC1, and WCO 
control the magnitude of the write precompensation, see Table 4. Internal | 
resistor pull ups are provided. 


WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WC1 and WCO into the internal DAC. An 
active low level latches the input bits. Pin WCL has an internal resistor pull 











WRITE DATA: Encoded write data output, active low. The data is 
automatically resynchronized (independent of the delay between RRC and 
WCLK) to one edge of the XTAL 1 input clock. 


READ/REFERENCE CLOCK: A multiplexed clock source used by thecon- | 


troller, see Table 2. During a mode change, no glitches are generated and | 
no more than two lost clock pulses will occur. When RG goes high, RRC is 
synchronized to the NRZ Read Data after 19 read data pulses. 


ADDRESS MARK DETECT: Tristate output pin that is inits high impedance 
state when WGis high or AMENBis low. Alatched low level output indicates 
that an address mark has been detected. A low level on pin AMENB resets 
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OUTPUT PINS (Continued) 


/NAME —«|_—s TYPE =| DESCRIPTION 


VCO REF — ~VCO REFERENCE: An open emitter ECL output test point. The VCO- 


| a reference input to the phase detector, the negative edges are phase locked 
6 | 






















to DLYD DATA. The positive edges of this open emitter output signal 
indicate the edges of the decode window. Two external resistors are | 
required to perform this test, they should be removed during normal 
operation for reduced power dissipation. 









VCO CLK VCO CLOCK: Anopenemitter ECL output test point. Two external resistors 
are required to perform this test. They should be removed during normal 


operation for reduced power dissipation. 


DELAYED READ DATA: An open emitter ECL output test point. The 

_ positive edges of this open emitter output signal indicates the data bit 
position. The positive edges of the DRD and the VCO REF signals can be 
used to estimate window centering. The time jitter of DRD’s positive edge 
is an indication of media bit shift. Two external resistors are required to 
perform this test. They should be removed during normal operation for 

reduced power dissipation. | 


'NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read. 
gate is high. This pin can be connected to the WDNRZ pin to form a 
bidirectional data port. a 















ANALOG PINS 


[NAME | TYPE | 








DESCRIPTION 


CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three 
times the data rate. If the crystal oscillator is used, an AC coupled parallel 
LC circuit must be connected from XTAL1 to ground. Ifthe crystal oscillator 
is not desired, XTAL1 may be driven by a TTL source with XTAL2 open. The 
source duty cycle should be close to 50% as possible since its duty cycle will 
affect the RRC clock duty cycle when XTAL is its source. The additional 
- RRC duty cycle error will be one third the source duty cycle error. | 


PD OUT PHASE DETECTOR OUTPUT: Drives the loop filter input. 
VCO CONTROL INPUT: Driven by the loop filter output. 


von ft 

PCS WRITE PRECOMPENSATION SET: Pin for RC network to program write 
_ precompensation magnitude value. ~ | 

VE eS 








IREF TIMING PROGRAM PIN: The VCO center frequency and the 1/3 cell delay 
are a function of the current sourced into pin IREF. | 
| ; 


XTAL1, 2 
















DGND, AGND - Digital and Analog Ground — | 
| VPA1, VPA2 Analog+5V Supplies = 
Digital +5V Supply 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 














Storage Temperature -65 to + 150 
Junction Operating Temperature, Tj 


Voltage Applied to Logic Inputs -0.5to VPD + 0.5 


Maximum Power Dissipation 1.1 










RECOMMENDED OPERATING CONDITIONS 


PARAMETER | | RATING 
Supply Voltage, VPA1 = VPA2 = VPD = VCC 4.75 < VCC < 5.25 
Junction Temperature, Tj 0<Tj< 135 


ELECTRICAL CHARACTERISTICS 


Unless otherwise specified, 4.75V< VCC <5.25V, 10 MHz< 1/TORC <15 MHz, 30 MHz< 1/TVCO <45 MHz, 
0 °C< Tj <135 °C. 


PARAMETER CONDITIONS 


VIH High Level Input 
Voltage 
VIL 


Low Level Input 
Voltage 






H High Level Input 
Current 


ll 
PIL Low Level Input 
Current 


VOH High Level Output 
Voltage 


VOL Low Level Output 
Voltage 





ICC Power Supply Current 


PWR __s— Power Dissipation Tj = 135 °C, test point 
pins open 
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ELECTRICAL CHARACTERISTICS (Continued) 








VOHT _ Test Point 2620 to VPD | 
a Output High Level 4020 to GND 
DRD, VCO CLK, VPD=5.0V 
VCO REF | VOHT - VPD 


Test Point 262 © to VPD 
Output Low Level 4020 to GND 
DRD, VCO CLK, VPD = 5.0V 
VCO REF VOLT - VPD 


DYNAMIC CHARACTERISTICS AND TIMING 


READ MODE (See Figure 3) 


PARAMETER _ss. 


| TFRD Read DataFallTime | 2.0V to 0.8V,C1<15pF 
TRRC ~~ Read Clock Rise Time | 0.8V to 2.0V, C1 < 15 pF 
TFRC Read Clock Fall Time | 2.0V to 0.8V,C1<15pF 


TPNRZ NRZ (out) Set Up/Hold 
Time 


TPAMD AMD Propogation 
Delay | 


1/3 Cell Delay 0.8TD 
WRITE MODE (See Figure 4) 


| PARAMETER _ CONDITIONS | MIN 
TWD -— Write Data Pulse Width | C1 <15pF 
TFWD Write DataFall Time | 2.0V to 0.8V,C1< 15 pF 









Tmax 






TRWC Write Data Clock 0.8V to 2.0V a 
Rise Time 
2.0V to 0.8V _ 


~ NOTE1: = TOWC ~5 — 4.76 TPCO—TPC 


TFWC Write Data Clock 
Fall Time 


- WDNRZ Set up Time 
WDNRZ Hold Time 














TSNRZ 
THNRZ 








NOTE2: = TOWC +5 — 4.76 TPCO —-TPC 
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WRITE MODE (Continued) 


Precompensation 
Time Shift 
Magnitude 


Accuracy 


DATA SYNCHRONIZATION 


TVCO VCO Center 
Frequency Period 


VCO Frequency 
Dynamic Range 


KVCO  +VCO Control Gain 


Phase Detector 
Gain 


KVCO * KD Product 
Accuracy 


VCO Phase 
Restart Error 


Decode Window 
Centering Accuracy 


Decode Window 


SSI 32D536 


Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 


TPC=.053 (Cc+Cs) (Rc) 
Rc=1K to 2K 

Cs=stray capacity 

WCO =1 WC1 =1 


VCO IN = 2.7V 

TO = 3.6E-12 (RR+2300) 
VCC = 5.0V 

RR = 3.5K to 5.7K 


1V < VCO IN < VCC-0.6V 
VCC =5.0 


@O = 2n/TO 
1V < VCO IN < VCC 0.6V 


KD =0.19(RR+530) 
VCC =5.0V, PLL REF = RD 
3T ("100") pattern 


Referred to RRC 


CONTROL CHARACTERISTICS (See Figure 5) 


PARAMETER CONDITIONS 


TSWS WCO WC1 
SET UP TIME 


OM teed 
HOLD TIME 
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FIGURE 3: Read Timing 
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FIGURE 6: Address Mark Search 
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FIGURE 8: Multiple Address Mark Write 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) for a static sensitive component. 


RD [1 4 28 | | AGND 
vpa2 [] 2 27 |] EPD 
AMENB [| 3 26 | ] IREF Ff y S L 
S Ss a Pg E iv 
we [] 4 25 [] Vco IN aa 2 = 
ac []5 24 |] PD OUT i ee! a 













RGO5 25 UJ) VCO IN 


WCLK [] 6 24 1] PD OUT 






21 | | VCOCLK 
WC7 [j} 9 20 | | VCO REF 


Weo i 10 19 ny VPD Wert 21 1} VCOCLK 


PCS i 11 i XTAL 2 WCO (J 10 20 ] VCO REF 
WDO 17 | XTAL 1 Pcs {] 11 19 0 vVPD 






17 
NRZ || 13 | | DGND = 
rd 
-3 


16 
N Q 
AND 15 [] RRC E eg $ 


RRC [ 


XTAL2 [] 


28-Pin DIP 28-Pin PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32D536 
28-Pin DIP SSI 32D536-CP SSI 32D536-CP 
28-Pin PLCC SSI 32D536-CH SSI 32D536-CH 















No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32D5362 Data Synchronizer/1,7 RLL ENDEC 
provides data recovery and data encoding for storage 
systems which employ a 1,7 RLL encoding format. 
Data synchronization is performed with a fully inte- 
grated high performance PLL. A zero phase restart 
technique is used to minimize PLL acquisition time. 
The SSI 32D5362 has been optimized for operation as 
a companion device to the SSI 32C452 and AIC 010 
controllers. The VCO frequency setting elements are 
incorporated within the SSI 32D5362 for enhanced 
performance and reduced board space. Data rate is 
established with a single external programming resis- 
tor. The SSI 32D5362 utilizes an advanced bipolar 
process technology which affords. precise decode 
window control without the requirement of an accurate 
1/3 cell delay or external devices. The SSI 32D5362 
requires a single +5V supply. 


SSI 32D5362 


Data Synchronization/1, 7 RLL ENDEC 
with Write Precompensation 





June, 1989 
FEATURES 


* Data Synchronizer and 1,7 RLL ENDEC 


* 10 to 20 Mbits/sec operation 
- Data Rate programmed with a single external 
resistor 

* Optimized for operation with the SSI 320452 and 
AIC 010 controllers. 


* Fast acquisition phase lock pap 
- Zero phase restart technique 


* Fully integrated data separator 
- No external delay lines or active devices required 


* Programmable write precompensation 
* Hard and soft sector operation 

* Crystal controlled reference oscillator 
* +5V operation | 

* 28-pin PLCC & 28-pin DIP packages 


* Test outputs - Allow drive margin testing with 
available test chip 





BLOCK DIAGRAM 


IREF DRO VCO REF 


REFERENCE [3 
CURRENT RS 


EPO PD OUT VCOIN VCO CLK VPA1 VPA2 


1,7 ENCODER . 


wes WOT WOO Wer 
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OPERATION 


The SSI32D5362 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 1,7 RLL encoding format. In the Read Mode 
the SSI32D5362 performs Data Synchronization, 
Sync Field Search and Detect, Address Mark Detect, 
and Data Decoding. In the Write Mode, the SSI 
32D5362 converts NRZ data into the 1,7 RLL format 
described in Table 1, performs Write Precompensa- 
tion, generates the Preamble Field, and inserts Ad- 
dress Marks as requested. The interface electronics 
and architecture of the SSI 32D5362 have been opti- 
mized for use aS a companion device to the SSI 
32C452 or AIC 010 controllers. 


The SSI 32D5362 can operate with data rates ranging 
from 10 to 20 Mbits/sec. This data rate is established 
by a single 1% external resistor, RR, connected from 
pin IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/3 cell delay. The value 
of this resistor is given by: 


TBD 
RR=-22._ TBD KO 
DR (KQ) 


where: DR = Data Rate in Mbits/sec. 
An internal crystal reference oscillator, operating at 


three times the data rate, generates the standby refer- — 


ence for the PLL. A series resonant crystal between 
XTAL1 and XTAL2 should be selected at three times 
the Data Rate. If acrystal oscillator is not desired, then 
an external TTL compatible reference may be applied 
to XTAL1, leaving XTAL2 open. | 


The SSI 32D5362 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. Inthe Read Mode the Harmonic 
Phase Detector updates the PLL with each occurrence 
of aDYLD DATA pulse. Inthe Write and Idle modes the 
Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
Crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elim: 
nated. 


The phase detector incorporates a charge pump in 


order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 


The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


READ OPERATION | 


The Data Synchronizer utilizes a fully integrated fast 


acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal eicre tee oscillator. 


Inthe Read Mode the falling edge of DRD snaps the 
Phase Detector while the rising edge is phase com- 
pared to the rising edge of the VCO/2. As depicted in 
Figure 1, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is devel- 
oped from the VCO/2 clock. By utilizing a fully inte- 
grated symmetrical VCO running at three times the 


_ data rate, the decode window is insured to be accurate 


and centered symmetrically about the rising edges of 
DRD. The accuracy of the 1/3 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of the decode window. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator... This forces the VCO to run at a 
frequency which is very close to that required for 
tracking actual data andthus minimizes the associated 
frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divider is reset. By minimizing the phase 
alignment in this manner (phase error < 1 rads), the 
acquisition time is substantially reduced. 
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SOFT SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 
7 "0", 7 “O", 11."0", 114 "oO" 
i9"3T" 


ADDRESS | 3X| VCO BIT ID/IECC ENC 
MARK |"3T"| LOCK SYNC DATA 


| RG ENABLE 


ADDRESS MARK DETECT 


In Soft Sector Read Operation the SSI 32D5362 must 
first detect an address markto be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D5362 consists of two (2) 7 “0” patterns followed 
by two 11 “0” patterns. To begin the read lock se- 
quence the Address Mark Enable (AMENB) is as- 
serted high by the controller. The SSI 32D536 Address 
Mark Detect (AMD) circuitry then initiates a search of 
the read data (RD) for an address mark. First the AMD 
looks for a set of 6 “O’s” within the 7 “O” patterns. Having 
detected a 6 “0” the AMD then looks for a9 “0” set within 
the 11 “0’s”. If AMD does not detect 9 “0’s” within 5 RD 
bits after detecting 6 “0’s” it will restart the Address 
Mark Detect sequence and look for 6 “O’s.” When the 
AMD has acquired a 6 “0,” 9 “0” sequence the AMD 
transitions low disabling AMENB input. When AMENB 
is released, AMD will be released by the SSI 32D536. 


PREAMBLE SEARCH 


After the Address Mark (AM) has been detected a 
Read Gate (RG) can be asserted initiating the remain- 
der of the read lock sequence. When RG is asserted 
an internal counter counts negative transitions of the 
incoming Read Data (RD) looking for (3) consecutive 
3T preamble. Once the counter reaches count 3 (finds 
(3) consecutive 3T preamble) the internal read gate 
enables switching the phase detector from the refer- 
ence oscillator to the delayed Read Data input (DRD); 
at the same time a zero phase (internal) restart signal 
restarts the VCO in phase with the read reference 
clock. This prepares the VCO to be synchronized to 
data when the bit sync circuitry is enabled after VCO 


lock is established. 


with Write Precompensation 





VCO LOCK & BIT SYNC ENABLE 


When the internal counter counts 16 more “3T” or a 
total of 19 negative transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches from the reference oscil- 
latorto VCO clock signal which is phase lockedto DRD. 
The VCO is assumed locked at this point. A maximum 
of 2 RRC time periods may occur for the RRC transi- 
tion, however, no short duration glitches will occur. 
After the bit sync circuitry sets the proper decode 
window (VCO in sync with RRC and RRC in sync with 
data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 


HARD SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Hard 
Sector Operation 


| 19"3T" | 
ax VCO BIT Pee sae, Yun 
rock es ID/ECC DATA 


_| re ENABLE 


In hard sector operation a low AMENB disables the 
SSI 32D5362’s Address Mark Detection circuitry and 
AMD remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se- 
quences identically. In all respects, with exception to 
the address mark search sequence, hard sector read 
operation is the same as soft sector read. 


WRITE MODE 


inthe write mode the SSI 32D5362 converts NRZ data 
from the controller into 1,7 RLL formatted data for 
storage on the disk. The SSI 32D5362 can operate 
with a soft or hard sector hard drive. 


In soft sector operation the device generates a 
“7, 7, 11, 11” Address Mark, and a preamble pattern. 


In the hard sector operation the device generates a 
3 x “3T” preamble pattern but no preceding Address 
Mark. Serial NRZ data is clocked into the SSI 32D536 
and latched on defined cell boundaries. The NRZ input 
data must be synchronous with the rising edges of the 
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WCLK input. The WCLK input is a feature provided for 
operation in an ESDI application to compensate for 
large cable delays. InSCSlorST506 operation, WCLK 
is connected directly to the RRC output. 


Write precompensation circuitry is provided to com- | 


pensate for media bit shift caused by intersymbol inter- 
ference. The SSI 32D5362 recognizes specific write 
data patterns andcan addor subtract delays inthe time 
position of write data bits to counteract the read back bit 
shift. The magnitude of the time shift, TPC, is deter- 
mined by an external R C network on the WCS pin 
given by: 
TPC = TBD (Re) (Cc +Cs) 


When the write precompensation control latch, WCLis 
low, the SSI 32D5362 performs write precompensation 
according to the algorithm outlined in Table 3. | 


SOFT SECTOR 


In soft sector operation, when Read Gate (RG) transi- 
tions low, VCO source and RRC source switch from RD 
and VCO/3, respectively, to the reference crystal. At 
the same time the VCO (internal) lock goes inactive but 


1,7 RLL DATA 


DECODE WINDOW * 


the VCOis locked to the reference crystal. Afteradelay 


of 1 NRZ time period (min) from RG low, the Write Gate 
(WG) can be enabled while WDNRZ is maintained 


(NRZ write data) low. The Address Mark Enable 


(AMENB) is made active (high) a minimum of 1 NRZ 
time period later. The Address Mark (consisting of 


— 70's,” 7 “0’s,” 11 “O’s, "11 “O’s”) and the 3 x “ST” 





Preamble is then written by WDO. WDNRZ goes 
active at this point and after a delay of 5 NRZ time 
periods begins to toggle out WDO encoded data. 
Finally, at the end of the write cycle, 5 NRZ of blank 
encoded time passes to insure the encoder is flushed 
of data; WG then goes low. 





HARD SECTOR 


In hard sector operation, when read gate (RG) transi- 
tions low, VCO source and RRC switch references and 
VCO lock (internal) goes inactive as with soft sector but 
the AMENB (address mark enable) is low. 


The SSI 32D5362 then sequences from RG disable to 
WG enable and WDNRZ active as in soft BeCny OPS ra- 
tion. 7 ) 


PHASE DET 
ENABLE * 
RRC | | | | ; | 
NRZ BIT CELL fof 


NOTE: * Denotes internal signal 





FIGURE 1: Data Synchronization Waveform 
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| 
, 2 22 £2 Ss ES £... 


| PRESENT 


| 

eX X= KX 

Y1 1,7 CODE 
/\ (ey | Caine 2 Ys eS 
PREVIOUS NEXT 
CODE WORD | CODE WORD 
LAST BIT cnecigesestaed FIRST BIT 

| | 
| i] 





1 WORD BIT 





FIGURE 2: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 


TABLE 1: 1,7 RLL Code Set 
PREVIOUS 


CODE WORD DATA BITS 
PRESENT CODE BITS 


X = Don't care 





* = Not all zeros 
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TABLE 2: Clock Frequency 


[veoRer [ ARC [bEcork [encork | MODE 
Pm | vooa | veo | xtave | READ 
eraue | xtave | xtave | xtave | ware 


Note 1: Until the VCO locks to the new source, the VCO/2 entries will 
be XTAL/2. 


| 2: Until the VCO locks to the new source, the VCO/3 entries will 
be XTAL/3. 












TABLE 3: Write Precompensation Algorithm 


p41 | NONE | 
ro [none 
-o | EARLY | 
ad 


LATE 
Bit n is time shifted (delayed) from its nominal 
time position towards the bit n+1 time position. 


EARLY: Bit n is time shifted (advanced) from its nominal 
| time position towards the bit n-1 time position. 












a a oe rr aa 
po f+ fe 






The nominal magnitude, 
(TPC = WP x TBD (Rc) (Cc+Cs), is externally set 
with an R-C network on pin WCS. 
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PIN DESCRIPTION 


INPUT PINS 


READ DATA: Encoded Read Data fromthe disk drive read channel, active 
low. 


READ GATE: Selects the PLL reference input (REF),see Table 1. Achange 
in state on RG initiates the PLL synchronization sequence. 


WRITE GATE: Enables the write mode, see Table 2. 


WRITE CLOCK: Write Clock input. Must be synchronous with the NRZ 
Write Data input. For small cable delays, WCLK may be connected directly 
to pin RRC. 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on pin VCO IN. Pin EPD has an internal resistor 
pull up. 


WRITE PRECOMPENSATION CONTROL BITS: Pins WC1, and WCO 
control the magnitude of the write precompensation, see Table 4. Internal 
resistor pull ups are provided. 


WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WC1 and WCO into the internal DAC. An 
active low level latches the input bits. Pin WCL has an internal resistor pull 


up. 


WRITE DATA: Encoded write data output, active low. The data is 
automatically resynchronized (independent of the delay between RRC and 
WCLK) to one edge of the XTAL 1 input clock. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the con- 
troller, see Table 2. During a mode change, no glitches are generated and 
no more than two lost clock pulses will occur. When RG goes high, RRC is 
synchronized to the NRZ Read Data after 19 read data pulses. 


ADDRESS MARK DETECT: Tristate output pin that is in its high impedance 
state when WG is high or AMENBis low. A latched low level output indicates 
that an address mark has been detected. A low level on pin AMENB resets 
pin AMD. 
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OUTPUT PINS (Continued) 


|NAME ——«|_—s* TYPE ‘| _ DESCRIPTION 


VCO REF VCO REFERENCE: An open emitter ECL output test point. The VCO 


reference input to the phase detector, the negative edges are phase locked 
_ i 



















to DLYD DATA. The positive edges of this open emitter output signal 
indicate the edges of the decode window. Two external resistors are 
required to perform this test, they should be removed during normal 
operation for reduced power dissipation. 














VCOCLOCK: An open emitter ECL output test point. Two external resistors 
are required to perform this test. They should be removed during normal 
operation for reduced power dissipation. : 


DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this open emitter output signal indicates the data bit 
position. The positive edges of the DRD and the VCO REF signals can be 
used to estimate window centering. The time jitter of DRD’s positive edge 
is an indication of media bit shift. Two external resistors are required to 
perform this test. They should be removed during normal operation for 
reduced power dissipation. 


NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read 
gate is high. This pin can be connected to the WDNRZ pin to form a 
bidirectional data port. 

























- 4 


ANALOG PINS 


) | DESCRIPTION : 


TIMING PROGRAM PIN: The VCO center frequency and the 1/3 cell delay 
are a function of the current sourced into pin IREF. 





CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three 
times the data rate. If the crystal oscillator is used, an AC coupled parallel 
LC circuit must be connected from XTAL1 to ground. Ifthe crystal oscillator 
is not desired, XTAL1 may be driven by a TTL source with XTAL2 open. The 
source duty cycle should be close to 50% as possible since its duty cycle will 
affect the RRC clock duty cycle when XTAL is its source. The additional 
RRC duty cycle error will be one third the source duty cycle error. 


PHASE DETECTOR OUTPUT: Drives the loop filter input. 
VCO CONTROL INPUT: Driven by the loop filter output. 


WRITE PRECOMPENSATION SET: Pin for RC network to program write 
_ precompensation magnitude value. 
Digital and Analog Ground 


Analog +5V Supplies 


Digital +5V Supply | 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


PARAMETER RATING 


Storage Temperature -65 to + 150 
Junction Operating Temperature, Tj 


Supply Voltage, VPA1, VPA2, VPD 05107 ow 
Voltage Applied to Logic Inputs -0.5 to VPD + 0.5 a 












Maximum Power Dissipation 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER | RATING UNIT 
Supply Voltage, VPA1 = VPA2 = VPD = VCC 4.75 < VCC < 5.25 
Junction Temperature, Tj 0< Tj< 135 


ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, 4.75V< VCC <5.25V, 10 MHz< 1/TORC <20 MHz, 30 MHz< 1/TVCO <60 MHz, 
0 °C< Tj <135 °C. 


PARAMETER CONDITIONS | win | NOM 
VIH High Level Input 
Voltage 
VIL Low Level Input 
Voltage 
IIH —- High Level Input —VIH =2.7V 
Current © 
NL Low Level Input VIL = 0.4V 
Current 



















VOH High Level Output IOH = 400 pA 2.7 
Voltage 
VOL Low Level Output lIOL=4mA 
Voltage | 


All outputs open, 
Tj = 135 °C 
Tj = 135 °C, test point 
pins open 










ICC Power Supply Current 
















PWR Power Dissipation 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS | MIN | NOM | UNIT 
| V 


Test Point 262Q to VPD | | 
Output High Level | 402Q to GND 

DRD, VCO CLK, | VPD=5.0V- | 

VCO REF | VOHT - VPD 


Test Point 262 Q to VPD 
Output Low Level 402Q to GND 
DRD, VCO CLK, VPD = 5.0V 
VCO REF VOLT - VPD 





DYNAMIC CHARACTERISTICS AND TIMING 


READ MODE (See Figure 3) 


TPNRZ NR2Z (out) Set Up/Hold 
Time 


TPAMD AMD Propogation 
Delay 


| NOM 
ce 
— 
a 
ae 
1/3 Cell Delay : 
| Nom | 
Ca 
ae 


_PARAMETER | CONDITIONS [MIN | 
TWD -_— Write Data Pulse Width | C1<15pF 
TFWD Write Data Fall Time 2.0V to 0.8V,C1< 15 pF 


TRWC Write DataClock | 0.8V to 2.0V | 
Rise Time 


TFWC Write Data Clock 2.0V to 0.8V 
Fall Time | 
TSNRZ WDNRZ Set up Time 5 
THNRZ WDNRZHold Time | f 5 


NOTE1: 2 TOwc -5 ~ 4.76 TPCO — TPC 


NOTE2: =TOWC +5 — 4.76 TPCO -TPC 
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WCO =0 WC1 =1 1.2TPCO+0.2 _ 
WCO =1WC1 =0 1.2(2)TPCO 
WCO - 0 WCT-0 





WRITE MODE (Continued) 


PARAMETER CONDITIONS 



















TPC Precompensation TPCO=TBD (Cc+Cs) (Rc) 
Time Shift Rc=1K to 2K 
Magnitude Cs=stray capacity 


Accuracy 






TVCO VCO Center VCO IN = 2.7V 
Frequency Period TO = TBD 
VCC =5.0V | 
RR = 3.5K to 5.7K 


VCO Frequency 1V < VCO IN < VCC-0.6V +25 +45 % 
Dynamic Range VCC = 5.0 
KVCO  +VCO Control Gain Wo = 2n/TO 0.1400 0.2600 rad/ 
1V < VCO IN < VCC 0.6V sec V 
Phase Detector KD = TBD _ 0.83KD 1.17KD A/rad 
Gain VCC =5.0V, PLL REF = RD 
3T ("100") pattern 


KVCO * KD Product % 
Accuracy 


i 
VCO Phase Referred to RRC 
Restart Error 
Decode Window 
Centering Accuracy 





-28 
+2 





CONTROL CHARACTERISTICS (See Figure 5) 

PARAMETER CONDITIONS 

TSWS WCO WC1 
SET UP TIME 

ial * A 
HOLD TIME 
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NRZ (OUT) " 


TPNRZ 
AMD 





FIGURE 3: Read Timing 


1.5V 
THNRZ 
TSNRZ 


1.5V 





FIGURE 4: Write Timing 





FIGURE 5: Control Timing 
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PREAMBLE 
7 *0" 7 "0" 11 “O" 11 "0" "3T* PATTERNS 
RD 
Pee 1 |0011|001}1 | 00 
4 ENCODED DATA 
| TIME MAX DELAY 
AMENB 
TIMING 
MIN 
AMD = 
TRISTATE x—— BISTABLE oe Ea TRISTATE 
DETECT DETECT 
4 ENCODED DATA 
«TIME MAX DELAY 
AMENB 
1 ZERO 


6 "OQ" & 9 "9" 
CASE 1 DETECT 1st 
PATTERN 





6 *O" 9 "0" 
DETECT DETECT 


If 5 bits of RD are detected after 6 "0" are found and before 9 "0" then restart and look for 6 “0.” 


RB EXAMPLE 
7 "9" 


6'0' CT CT CT CT CT 
Found 1 2 3 4 5 


> RESTART 


FIGURE 6: Address Mark Search 


CASE 3 





UOIJESUSAWODAI, OLAAA YUM 


OAGN4 119 Z ‘b/uoneziuoiyouds eyeg 


C9ESACE ISS 


9S1-€ 


6890 


9) 3 19 


(ASSERT) | | 
RG 


* 
ZERO PHASE 
RESTART 


VCO IN 













Ae ee 
a zr. k > ZAR. . | ee i 












NRZ 


ke ; 
VCO CLK | | 


REF OSC 


ENABLE 
BIT SNYC SEARCH 
DISABLE 


* 
RRC 
SOURCE 


tek . 
DLYD RD 
* 
PHASE DET SOURCE 
REF OSC 


INT COUNTER 


2 = — Internal Source 
FIGURE 7: Read Mode Locking Sequence (Soft and Hard Sector) 


* . 
=— Test Point 


uoljesuaduoselg O1dA\ ULIM 


OAGN43 11H Z ‘L/uoneziuoiyouds ejyeq 


z9esdze ISS 


6890 


LS\-€ 


| | | 


1 NRZ MIN 


| 1 NRZ MIN | 
27 NRZ MAX 

WG lv | 

(INTERNAL) | TIMING BETWEEN AMENB & START OF WDNRZ TIMING 


| MUST MEET TIME REQUIREMENTS OF WRITE DATA. 


eh hs +i... 
AMENB eee ES 


| 
| 2 


ee es 


AM ENC DATA AM ENC DATA AM ENC DATA AM ENC DATA 





FIGURE 8: Multiple Address Mark Write 


UOIESUBdWODIId S}HAA\ UM 
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c9ESACE ISS 
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RG 1 NRZ 
| MIN | 
1 NRZ ; | 
—> MIN 
WG 


MIN 38 NRZ IF NO 
i AMENB 
(INTERNAL) : e— 27NAZ 
MAX ° MIN OF 62 NRZ RECOMMENDED ; 
(‘001" PATTERNS) 
4 NRZ 
MIN 
AMENB 


MAX OF 3 X 3T (1,7) DELAY TO SYNC AMENB 
TO INTERNAL STATE 






MAX OF 5 NRZ DELAY: 5 NRZ PAD TO 


FLUSH ENCODER 






WDNRZ 


11 "0° 


|} —__— ADDRESS Mar _——____plg_— PREAMBLE 1 ENCODED DATA 
o™ (19 x 37 PATTERN) 


VCO LOCK 
(INTERNAL) 
| VCO LOCKS BUT VCO LOCK SIGNAL WILL STAY INACTIVE 


vco 
SOURCE FD —-<— xm 






Source oO Plan 
~ BIO 
AAA, ¥\ A 
MAX 2 TIME PERIODS 
OF RRC 


FIGURE 9: Write Data 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) for a static sensitive component. 


RD [] 1 28 | | AGND 
VPA2 [| 2 27 [] EPO 
AMENB |} 3 26 | | IREF 
WG |} 4 25 | | VCO IN 
RG || 5 24 | | PD OUT 
WCLK || 6 23 | | VPA1 







21 | | VCO CLK 
20 | | VCO REF 
Wwco || 10 19 |} VPD 
wcs |} 14 18 || XTAL2 
17 || XTAL1 
NRZ [] 13 16 |} DGND 
AMD [| 14 15 || RRC 





28-Pin DIP 28-Pin PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32D5362 
28-Pin DIP SSI 32D5362-CP SSI 32D5362-CP 
28-Pin PLCC SSI 32D5362-CH SSI 32D5362-CH 










No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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BLOCK DIAGRAM 


IREF DARD VCO REF EPD PD OUT VCO IN VCO CLK VPA1 VPA2 


REFERENCE |:: 
CURRENT fF: 





=| ADDRESS MAR 
DETECTOR 


1,7ENCODER 


wes WO WC WC WCLK AMENB 








REFERENCE OSCILLATOR XTAL 1 XTAL 2 


An internal reference oscillator, operating at three 24 25 

times the data rate, generates the standby reference 
forthe PLL. Aseries resonant crystal between XTAL1 ae | 
and XTAL2, should be selected at three times the Data ss ae Ji 
Rate. 0.01pF 
If itis desired to operate a crystal at a non-fundamental 
or harmonic frequency, then the following network is Qo = @ © Rin 
suggested: , 


1 


FIGURE 1: XTAL Oscillator R-C Network 
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REFERENCE OSCILLATOR (Continued) 


The typical input impedance looking into XTAL1 is approximately Rin = 250Q. It is recommended to design the 
value of Qo at approximately 10 to 15. Therefore, a resonant frequency of Fo = 45 MHz would resultin L = 0.33 WH 
and C = 38 pF. 


lf acrystal oscillatoris not desired. Then an external TTL Compatiable reference may be applied to XTAL1 leaving 
XTAL2 open. It is recommended, however that the TTL signal be attenuated then A.C. alia into XTAL1 
(Pin 17) using the following network: 


6202 0:1 pF 


TTL CLOCK INPUT |—_{" XTAL1 


300 Q 


The signal amplitude into XTAL1 should be attenuated to approximately 1.0 Vp-p; this willinsure that the transients 
associated with TTL switching characteristics won't couple into the SSI 32D536 and degrade performance. 


LOOP FILTER 


The performance of the SSI 32D536 is directly related to the selection of the loop filter. The loop filter 
characteristics should be optimized for: 


(A) Fast Acquisition 


The ability of the loop to quickly obtain lock when the input signal to the Phase Detector is switched 
between the reference oscillator (crystal) and the Read Data (RD). Fast acquisition implies a large loop 
bandwidth so that it can quickly respond to changes at the input. 


(B) Data Margin 


The ability of the loop to ignore bit shifts (jitter) and maintain a well centered window about the data pulse 
train. In general, it is not desirable to allow the loop to respond to a single shifted bit as this would cause 
the subsequent bit to be poorly centered within its window and possibly cause an error. This requirement 
implies a small loop bandwidth reducing the sensitivity to high frequency jitter. — 


(C) Data Tracking 


The ability to respond to instantaneous changes in phase and frequency of the data. This canbe a result 
of such phenomena as disk rotational speed variations which cause changes in the characteristics of the 
incoming data stream. In general, this requirement is consistent with that of fast acquisition, however, this 
depends upon the application. 


Although the loop performance characteristics place conflicting requirements on the loop bandwidth, the 
architecture of the SSI 32D536 significantly simplifies the design by minimizing the “step in phase” and “step in 
frequency” encountered when switching the Phase Detector input reference signal. A zero phase restart 
technique is employed to minimize the initial phase error while the standby reference oscillator keeps the VCO 
at the center frequency during non-read modes. 
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LOOP FILTER (Continued) 


One approach in determining the initial loop filter selection is to consider the requirements imposed during 
acquisition. This includes both acquiring lock to the crystal reference in non-read modes, as well as locking to the 
preamble field prior to decoding data. The format of the sector will dictate which of these two criteria imposes the 
tightest restriction on acquisition. 


The requirements for acquiring lock to the crystal oscillator are application specific and usually depend upon the 
length of the Write Splice gap. Therefore, the design approach employed in this analysis will be based upon the 
requirements during acquisition to the preamble field. The length (in time) of the preamble field is set by the 
SSI 32D536 locking sequence. Knowing this lengthin time, and that our initial phase erroris less than 1.0 radians, 
we can determine an acceptable loop bandwidth (wn) and damping factor (C). 





One possible loop filter configuration is as follows: 


lin ' 
O 


-{- 


C 
1 Vout 
=" T° Y 


The role of C1 is as anintegrating element. The larger this capacitance, the longer the acquisition time; the smaller 
the capacitance, the greater the ability to track high frequency jitter. The resistor R reduces the phase shift induced 
by C1. The capacitor C2 will suppress high frequency transients and will have minimal effect on the loop response 
if it is small relative to C1 (typically C2 = C1/10) 
The loop filter transfer function is: F(¢) = Vout 1+sRC, 
-" in SC (1+sC R+C/C ) 
1 2 2 1 


If C2 << C1, then: i 14+sRC 
F(s)s- et 
lin sC 


The overall block diagram for the phaselock loop can be described as: 


+ 
@ in (s) —e— [0 [Fa >| 2 


8 out (Ss) 





0689 3-163 


SSI 32D536/5362 
Application Note 





Where, KD = Phase Detector gain [A/rad] 


F(s) = Loop filter impedance [V/A] 


veo =VCO control gain [ rad/sec —V ] 


N = The ratio of the reference input frequency to the VCO output frequency 
The closed loop transfer function is: | 


T(s)=——— = ——_————- = 
8in(s) 14+ G(s)H(s) 5° +s[N*KD*KVCO* R]+ N Ko Kye? 
1 
by putting the characteristic equation (denominator) in the form of: 
2 2 
S +2sC@n+q@n. 
we can solve for wn and € to get: 
“_N+KD*KVCO = ¢_N+KD+KVCO+R 
Now we can solve for R, C1 and C2: 20on 
“KD. 2 
c1 = N:KD-KVCO pp c, =o 
2 N°KD*KVCO 10 


con 
where: con =loop bandwidth 
~ C=loop damping factor 
Because of the nature of Run Length Limited (RLL) codes, the Phase Detector will only be enabled during a data 


pulse. This technique allows the VCO to run at a center frequency with period, TVCO, equal to one encoded data 
bit cell time. | 


Figure 2 represents the relationship between the VCO output when locked to various Phase Detector input signals. 


web ed Ley ea ee ee ee lel desl 
ies had ee th ML a ee el ees Ze 
ieee ee Ie Te a ed a Me ee ae 


3T ee ee ee ene a ee eee ee N =0.33 
8T a N = 0.125 
oT : <= ae oo [_ N = 0.50 





FIGURE 2: Relationship of VCO Output to Phase Detector Input 
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The average amplitude of the Phase Detector gain depends upon the Phase Detector input signal. When the PLL 
is locked to the reference oscillator, the Phase Detector is continuously enabled and the gain is at its maximum. 
When the PLL is tracking data and the input is an "8T" pattern, then the Phase Detector gain is at its minimum. 
The following indicates the value of "N" for various input conditions: 


N = 1.0 for 8in = reference oscillator 
N = 0.50 for 8in = 2T (10) (maximum data frequency) 
N=0.33 for @in = 3T (100) preamble field 
N=0.125 for 9in = 8T (minimum data frequency) 
Throughout this analysis the PLL has been considered as acontinuous time system. In actuality the characteristics 


of the Phase Detector result ina sampled data system. By utilizing anintegrating loop filter to average and smooth 
the Phase Detector change pump output pulses, this analogy should be reasonable. 


LOOP FILTER - Example for a 15Mbit/s Application 


Inthe soft Sector mode the PLL locking sequence allows the VCO to be within a determined amount of error after 
16 x ‘3T’ (100) bit groups. At 15Mbit/s each data bit cell time, TVCO, is equal to 44.4 ns. This results in: 


tmax = (16) (3) (44.4 ns) = 2.1 us 


Therefore, the PLL has 2.1 us to settle to within an acceptable amount of error before tracking and decoding data. 
Because the SSI 32D536 employs a zero phase restart technique, the initial phase error is less than 
16% TORC (1.0rad) or: 


Ade < (0.16)(66.7 ns) 
AGe < 10.7 ns 


Determining an acceptable amount of phase error after locking to the preamble field depends upon the system 
requirements. In addition, it may be necessary to consider the effects of frequency steps in applications where 
motor speed control tolerances are significant. Generally, an acceptable amount of error is defined to be that 
amount which when added to all other timing error contributors, results in the data being within its timing window 
by the required margin. 


In general, it is desirable to have the loop damping factor “C” between 0.5 and 1.0 during acquisition. For a high 
gain, second-order loop this results in minimal noise bandwidth. For this example we will let ¢ = 0.7. 
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Figure 3 represents the phase errors response in time to a transient step in phase as a function of the loop 
bandwidth and damping factor. Figure 4 indicates the response of the VCO control voltage to compensate for this 
step in phase. | | | 7 f° — 


MO 
NCCC 
ANCE 
INCEST 
SMC 
> CTT 
AWC 
MAN 

: 





ANNA eae 


NORMALIZED PHASE ERROR 


al 


NORMALIZED PHASE ERROR ~ 


FIGURE 4: Transient Phase Error Qe(t) Due To a Step In Frequency Aw 
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As shown in Figure 3, with ¢ = 0.7, our initial transient phase error will be at most 22% of its original value at 
wnt = 2.3, 7.5% at wnt = 4.0, etc. For this example we want the final phase error to be less than 15% of its original 
level. This results in a wnt between 3 and 4. To simplify the results, let ont = 3.2. This results in a maximum final 
phase error of 1.6ns. 


Now, 
wnt= 3.2 
and tmax= 2.1ps 





.@n= 1.5 10° rad/sec 
with C= 0.7 


Since we are evaluating the loop response during acquisition to the ‘3T’ preamble, N = 0.33. 


Now we have all the information to calculate the loop filter component values. 


RR= 3873Q 
@n= 1.5 10° rad/sec 
C= 0.7 


KD(typ) = 0.57/(RR+530) = 1.3 « 10% A/rad 
KVCO(typ) = 0.20 (2n)/T0 = 5.66 « 10’ rad/sec-volt 


N= 0.33 
which results in: 
= __260Nn _g6so 
N*KD «KVCO 
C= MRD VCO =1080 pF 
on 
C, 
C, = 70. =108 pF 
or, 
PD OUT VCO IN 
1080 pF 


2 T 108 pF 
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FIGURE 5: Typical Application 
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This loop filter configuration and its component values should be considered a starting point. The final value of 
wn depends on the system requirements and can certainly be optimized for a specific application. In the following 
table we have listed some suggested external component values for two common data rates: 

DATA RATE | DAMPING | LOCK TIME pick i 

Mets) | FACTORS | tmaxis on 

ee 
pe foo | et fst | teem [ser |e | tom [ce 
LAYOUT CONSIDERATIONS 
As with other high frequency devices the SSI 32D536 requires care in layout. The designer should keep analog 
signal lines as short as possible and well balanced. Use of a ground plane is recommended, along with supply 
bypassing to separate the SSI 32D536 and associated circuitry, from other circuits on the PCB. It is also 
recommended that an inductor (0.3 WH) be placed in series with the analog supply which supports the VCO circuitry 
(VPA1, Pin 23). This additional filtering has been shown effective in eliminating VCO jitter, which can degrade 
window margin performance. 
TEST POINTS 
The SSI 32D536 provides three (3) test points which can be utilized to evaluate window margin characteristics. 


(a) DRD, delayed read data — the positive edges represent the data bit position 


(b) VCO REF, the VCO reference which represents the input to the Phase Detector, synchronizer, and 1,7 
decoder 


(c) VCO CLK, the VCO clock output which represents the output of the VCO 
The following figure describes the relationship between the various test points: 


VCO CLK 


VCO REF 





FIGURE 6: Test Point Relationships 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION FEATURES 


The SSI 32D537 Data Synchronizer/1,7 RLLENDEC ©¢ Data Synchronizer and 1,7 RLL ENDEC 
provides data recovery and data encodingforstorage , 10 to 24 Mbits/s operation - Data Rate 


systems which employ a 1,7 RLL encoding format. programmed with a single external resistor 
Data synchronization is performed with a fully inte- cae ; 





technique is used to minimize PLL acquisition time. AIC 010 controllers. 

The SSI 32D537 has been optimized for operationas ° Fast acquisition phase lock loop 

a companion device to the SSI 320-452 and AIC 010 - Zero phase restart technique 

controllers. The VCO frequency setting elements are ° Fully integrated data separator 

incorporated within the SSI 32D537 for enhanced - No external delay lines or active devices required 


performance and reduced board space. Data rate is ° Programmable write precompensation 
established with a single external programming resis- _ , Pidediand Sete sacle operaicn 
tor. The SS! 32D537 utilizes an advanced bipolar P 
process technology which affords precise decode ° Crystal controlled reference oscillator 
window control without the requirementofanaccurate , 
1/3 cell delay or external devices. The SSI 32D537 
requires a single +5V supply. ° 28-pin PLCC & 28-pin DIP packages 

: * Test outputs - Allow drive margin testing with 

available test chip 


+5V operation 





BLOCK DIAGRAM 


REF DARD VCO REF EPD PD OUT VCO IN VCOCLK VPA1 VPA2 


VSCELL F:., 
DELAY 


WRITE ‘ 
PRECOMPENSATION y 
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OPERATION 


The SSI 32D537 is designed to perform data recovery 
and data encoding in rotating memory systems which 
utilize a 1,7 RLL encoding format. In the Read Mode 
the SSI 32D537 performs Data Synchronization, Sync 
Field Search and Detect, Address Mark Detect, and 
Data Decoding. In the Write Mode, the SSI 32D537 
converts NRZ data into the 1,7 RLL format describedin 
Table 1, performs Write Precompensation, generates 
the Preamble Field, and inserts Address Marks as 
requested. The interface electronics and architecture 


of the SSI 32D537 have been optimized for use asa | 


companion device to the SSI oe or AIC 010 
controllers. 


The SSI 32D537 can operate with data rates ranging 
from 10 to 24 Mbits/sec. This data rate is established 
by a single 1% external resistor, RR, connected from 
pin IREF to VPA. This resistor establishes a reference 
current which sets the VCO center frequency, the 
phase detector gain, and the 1/3 cell delay. The value 
of this resistor is given by: | 
TBD 
RR= OR —2.3 KQ) 


where: DR = Data Rate in Mbits/sec. 


An internal crystal reference oscillator, operating at 
three times the data rate, generates the standby refer- 
ence for the PLL. A series resonant crystal between 
XTAL1 and XTAL2 should be selected at three times 
the Data Rate. If acrystaloscillatoris not desired, then 


an external TTL compatible reference may be applied e 


to XTAL1, leaving XTAL2 open. 


The SSI 320537 employs a Dual Mode Phase Detec- 
tor; Harmonic in the Read Mode and Non Harmonic in 
Write and Idle Modes. In the Read Mode the Harmonic 


Phase Detector updates the PLL with each occurrence | 
ofaDYLD DATApulse. Inthe Write and Idle modes the 


Non-Harmonic Phase Detector is continuously en- 
abled, thus maintaining both phase and frequency 
lock. By acquiring both phase and frequency lock to the 
crystal reference oscillator and utilizing a zero phase 
restart technique, false lock to DLYD DATA is elimi- 
nated. 
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The phase detector incorporates a charge pump in 
order to drive the loop filter directly. The polarity and 
width of the output current pulses correspond to the 
direction and magnitude of the phase error. 


The READ GATE (RG), and WRITE GATE (WG) 
inputs control the device mode. 


RG is an asynchronous input and may be initiated or 
terminated at any position on the disk. WG is also an 
asynchronous input, but should not be terminated prior 
to the last output Write Data pulse. 


_ READ OPERATION 


The Data Synchronizer utilizes a fully integrated fast 
acquisition PLL to accurately develop the decode 
window. Read Gate, RG, initiates the PLL locking 
sequence and selects the PLL reference input; a high 
level (Read Mode) selects the RD input and a low level 
selects the crystal reference oscillator. 


Inthe Read Mode the falling edge of DRD enables the 
Phase Detector while the rising edge is phase com- 
pared to the rising edge of the VCO/2. As depicted in 
Figure 1, DRD is a 1/3 cell wide (TVCO) pulse whose 
leading edge is defined by the leading edge of RD. An 
accurate and symmetrical decode window is devel- 
oped from the VCO/2 clock. By utilizing a fully inte- 
grated symmetrical VCO running at three times the 
data rate, the decode window is insured to be accurate 
and centered symmetrically about the rising edges of 
DRD. The accuracy ofthe 1/3 cell delay only affects the 
retrace angle of the phase detector and does not 
influence the accuracy of the decode window. 


In Non-Read Modes, the PLL is locked to the crystal 
reference oscillator. This forces the VCO to run at a 
frequency which is very close to that required for 


_ tracking actual data andthus minimizes the associated 


frequency step during acquisition. When the reference 
input to the PLL is switched, the VCO is stopped 
momentarily, then restarted in an accurate phase 
alignment with the next PLL reference input pulse, and 
the VCO clock divideris reset. By minimizing the phase 
alignment in this manner (phase error < 1 rads), the 


acquisition time is substantially reduced. 
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SOFT SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Soft 
Sector Operation 
7 "0", 7 “O", 11"0", 11 "0" 
19 "3T" 


ADDRESS | 3x| vco BIT ENG 


_| re ENABLE 


ADDRESS MARK DETECT 


In Soft Sector Read Operation the SSI 32D537 must 
first detect an address mark to be able to initiate the rest 
of the read lock sequence. An address mark for the 
SSI 32D537 consists of two (2) 7 “O” patterns followed 
by two 11 “0” patterns. To begin the read lock se- 
quence the Address Mark Enable (AMENB) is as- 
serted high by the controller. The SSI32D537 Address 
Mark Detect (AMD) circuitry then initiates a search of 
the read data (RD) for an address mark. First the AMD 
looks for a set of 6 “0’s” within the 7 “O” patterns. Having 
detected a 6“0”the AMD then looks fora 9 “0” set within 
the 11 “O’s”. If AMD does not detect 9 “0’s” within 5 RD 
bits after detecting 6 “O’s” it will restart the Address 
Mark Detect sequence and look for 6 “0O’s.” When the 
AMD has acquired a 6 “0,” 9 “0” sequence the AMD 
transitions low disabling AMENB input. When AMENB 
is released, AMD will be released by the SSI 32D537. 


PREAMBLE SEARCH 


After the Address Mark (AM) has been detected a 
Read Gate (RG) can be asserted initiating the remain- 
der of the read lock sequence. When RG is asserted 
an internal counter counts negative transitions of the 
incoming Read Data (RD) looking for (3) consecutive 
3T preamble. Once the counter reaches count 3 (finds 
(3) consecutive 3T preamble) the internal read gate 
enables switching the phase detector from the refer- 
ence oscillator to the delayed Read Data input (DRD); 
at the same time a zero phase (internal) restart signal 
restarts the VCO in phase with the read reference 
clock. This prepares the VCO to be synchronized to 
data when the bit sync circuitry is enabled after VCO 
lock is established. 


with Write Precompensation 





VCO LOCK & BIT SYNC ENABLE 


When the internal counter counts 16 more “ST” or a 
total of 19 negative transitions from RG enable, an 
internal VCO lock signal enables. The VCO lock signal 
activates the decoder bit synchronization circuitry to 
define the proper decode boundaries. Also, at count 
19, the RRC source switches from the reference oscil- 
latorto VCO clock signal whichis phase locked to DRD. 
The VCO is assumed locked at this point. A maximum 
of 2 RRC time periods may occur for the RRC transi- 
tion, however, no short duration glitches will occur. 
After the bit sync circuitry sets the proper decode 
window (VCO in sync with RRC and RRC in sync with 
data) NRZ is enabled and data is toggled in to be 
decoded for the duration of the read gate. 


HARD SECTOR OPERATION 


Disk Operation Lock Sequence in Read Mode Hard 
Sector Operation 


| 19 "3T" | 


3X vco BIT ss Se 
LOCK SYNC ID/ECC DATA 
RG ENABLE 


In hard sector operation a low AMENB disables the 
SSI 32D537’s Address Mark Detection circuitry and 
AMD remains inactive. A hard sector read operation 
does not require an address mark search but starts 
with a preamble search as with soft sector and se- 
quences identically. In all respects, with exception to 
the address mark search sequence, hard sector read 
operation is the same as soft sector read. 


WRITE MODE 


In the write mode the SSI 32D537 converts NRZ data 
from the controller into 1,7 RLL formatted data for 
storage onthe disk. The SSI 32D537 can operate with 
a soft or hard sector hard drive. 


In soft sector operation the device generates a 
“7,7, 11, 11” Address Mark, and a preamble pattern. 


In the hard sector operation the device generates a 
19 x “3T” preamble pattern but no preceding Address 
Mark. Serial NRZ data is clocked into the SSI 32D537 
and latched on defined cell boundaries. The NRZinput 


_ data must be synchronous with the rising edges of the 


3-173 





SSI 32D537 


Data Synchronization/1, 7 RLL ENDEC 
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WCLK input. The WCLK input is a feature provided for 
operation in an ESDI application to compensate for 
large cable delays. InSCSlor ST506 operation, WCLK 
is connected directly to the RRC output. 


Write precompensation Circuitry is provided to com- 
pensate for media bit shift caused by intersymbol inter- 


ference. The SSI 32D537 recognizes specific write. 


data patterns and can addor subtract delaysinthe time 
position of write data bits to counteract the read back bit 
shift. The magnitude of the time shift, TC, is deter- 
mined by an external R C network onthe PCS pingiven 
by: og 


TPC = (TED)(ReyCe + Cs) 


When the write precompensation control latch, WCL is 
low, the SSI 32D537 performs write precompensation 
according to the algorithm outlined in Table 3. 


SOFT SECTOR 


In soft sector operation, when Read Gate (RG) transi- 
tions low, VCO source and RRC source switch from RD 
and VCO/3, respectively, to the reference crystal. At 
the same time the VCO (internal) lock goes inactive but 


1,7 RLL DATA 


— 1/3 Cell — . 


DECODE WINDOW * 


the VCOis locked tothe reference crystal. Afteradelay 
of 1 NRZ time period (min) from RG low, the Write Gate 
(WG) can be enabled while WDNRZ is maintained 
(NRZ write data) low. The Address Mark Enable 
(AMENB) is made active (high) a minimum of 1 NRZ 
time period later. The Address Mark (consisting of 
7 “0's,” 7 “0's,” 11 “0’s, "11 “O’s”) and the 19 x “3T” 
Preamble is then written by WDO.. WDNRZ goes 
active at this point and after a delay of 5 NRZ time 
periods begins to toggle out WDO encoded data. 
Finally, at the end of the write cycle, 5 NRZ of blank 
encoded time passes to insure the encoder is flushed 
of data; WG then goes low. 





HARD SECTOR 


In hard sector operation, when read gate (RG) transi- 
tions low, VCO source and RRC switch references and 
VCO lock (internal) goes inactive as with soft sector but 
the AMENB (address mark enable) is low. 


The SSI 32D537 then sequences from RG disable to 
WG enable and WDNRZ active as in soft sector opera- 
tion. 


- PHASEDET 
ENABLE * | . 
RRC | : | | . a | 
NRZBITCELL «+ 


' NOTE: * Denotes internal signal 





FIGURE 1: Data Synchronization Waveform 
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| | 
a Ee Ce ee ae Ss... 


PRESENT 


Ke Xe X= XeXe vm 


PREVIOUS | next 
CODE WORD CODE WORD 
LAST BIT | | “FIRST BIT 


| 1 WORD BIT | 





FIGURE 2: NRZ Data Word Comparision to 1, 7 Code Word Bit (See Table 1, for Decode Scheme) 


TABLE 1: 1,7 RLL Code Set 


PREVIOUS | 
CODE WORD DATABITS | 
LAST BITS PRESENT CODE BITS 


x< 
O19 |9 |o 


x |< 


ae 
ae 
oo 
ee 


w 


X = Don't care 
* = Not all zeros 
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TABLE 2: Clock Frequency 


| RG | VCOREF | RRC | DECCLK | ENCCLK | MODE | 

| o | xrave | xtaus | xtave | xtave | IDLE 

po | +] FO | veos | voor | xtave | READ 
1 | o | xrave | xraus | xTav2 


Note 1: Until the VCO locks to the new source, the VCO/2 entries will 
be XTAL/2. “s 


2: Until the VCO locks to the new source, the VCO/3 entries will 
be XTAL/3. | a 





















TABLE 3: Write Precompensation Algorithm 


BIT 
nd 


Bit n is time shifted (delayed) from its nominal | 
time position towards the bit n+1 time position. 


EARLY: Bit n is time shifted (advanced) from its nominal 
time position towards the bit n-1 time position. — 


The nominal magnitude, 
TPC = WP x TBD (Rc) (Cc+Cs), is externally set 
with an R-C network on pin WCS. 
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PIN DESCRIPTION 
INPUT PINS 


TYPE 


DESCRIPTION 


READ DATA: Encoded Read Data from the disk drive read channel. The 
TTL input version is an active low signal. The ECL input version is an active 
high signal. 
READ GATE: Selects the PLL reference input (REF), see Table 1. Achange 
in state on RG initiates the PLL synchronization sequence. 


WRITE GATE: Enables the write mode, see Table 2. 


WRITE CLOCK: Write Clock input. Must be synchronous with the NRZ 
Write Data input. For small cable delays, WCLK may be connected directly 
to pin RRC. 


ENABLE PHASE DETECTOR: A low level (Coast Mode) disables the 
phase detector. This opens the PLL and the VCO will run at the frequency 
commanded by the voltage on pin VCO IN. Pin EPD has an internal resistor 
pull up. | — 
ADDRESS MARK ENABLE: Used to enable the address mark detection 
and address mark generation circuitry, active high. 


WRITE PRECOMPENSATION CONTROL BITS: Pins WC1, and WCO 
control the magnitude of the write precompensation, see Table 4. Internal 
resistor pull ups are provided. 

WRITE PRECOMPENSATION CONTROL LATCH: Used to latch the write 
precompensation control bits WC1 and WCO into the internal DAC. An 
active low level latches the input bits. Pin WCL has an internal resistor pull 
up. 

NRZ WRITE DATA INPUT PIN: This pin can be connected to the NRZ pin 
to form a bidirectional data port. 















G) 


A 





EPD 








> 
i 
m 
z= 
w 








OUTPUT PINS 


TYPE 


DESCRIPTION 


WRITE DATA: Encoded write data output, active low. The data is 
automatically resynchronized (independent of the delay between RRC and 
WCLK) to one edge of the XTAL 1 input clock. 


READ/REFERENCE CLOCK: A multiplexed clock source used by the con- 
troller, see Table 2. During a mode change, no glitches are generated and 
no more than two lost clock pulses will occur. When RG goes high, RRC is 
synchronized to the NRZ Read Data after 19 read data pulses. Adifferential 
ECL output option is available for ESDI compatible applications. 


ADDRESS MARK DETECT: Tristate output pin thatisinits high impedance 
state when WGis high or AMENBis low. Alatched low level output indicates 
that an address mark has been detected. A low level on pin AMENB resets 
pin AMD. _ 


= 
s 
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OUTPUT PINS (Continued) 


/NAME —«|_—s TYPE’ ‘| __DESCRIPTION 5 


VCO REF VCO REFERENCE: An open emitter ECL output test point. The VCO . 
reference input to the phase detector, the negative edges are phase locked ; 
to DLYD DATA. The positive edges of this open emitter output signal 
indicate the edges of the decode window. Two external resistors are 
required to perform this test, they should be removed during normal | 
operation for reduced power dissipation. 


















~ VCOCLOCK: An open emitter ECL output test point. Two external resistors 
are required to perform this test. They should be removed during normal 
operation for reduced power dissipation. 


DELAYED READ DATA: An open emitter ECL output test point. The 
positive edges of this open emitter output signal indicates the data bit 
position. The positive edges of the DRD and the VCO REF signals can be 
used to estimate window centering. The time jitter of DRD’s positive edge 
is an indication of media bit shift. Two external resistors are required to 
perform this test. They should be removed during normal operation for 
reduced power dissipation. oo 


~ NRZ READ DATA OUTPUT: Tristate output pin that is enabled when read. 
gate is high. This pin can be connected to the WDNRZ pin to form a 
bidirectional data port (TTL version only). A differential ECL output option 
is available for ESDI compatible applications. . 
























DESCRIPTION 


TIMING PROGRAM PIN: The VCO center frequency and the 1/3 cell delay 
are a function of the current sourced into pin IREF. 


CRYSTAL OSCILLATOR CONNECTIONS: The pin frequency is at three. 
times the data rate. If the crystal oscillator is used, an AC coupled parallel 
LC circuit must be connected from XTAL1 to ground. Ifthe crystal oscillator 
is not desired, XTAL1 may be driven either by a direct coupled TTL source 
or by an ac coupled ECL source, with XTAL2 open. The source duty cycle 
should be close to 50%_.as possible since its duty cycle will affect the RRC 
clock duty cycle when XTAL is its source. The additional RRC duty cycle 
error will be one third the source duty cycle error. 


PHASE DETECTOR OUTPUT: Drives the loop filter input. 
VCO CONTROL INPUT: Driven by the loop filter output. 


WRITE PRECOMPENSATION SET: Pin for RC network to program write 
precompensation magnitude value. | 


Digital and Analog Ground 
















































‘T DGND, AGND 
VPA1, VPA2 


Analog +5V Supplies 


PD tt 


Digital +5V Supply 





V 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


Junction Operating Temperature, Tj 
v 
ee 












: 
ELECTRICAL CHARACTERISTICS | 


Unless otherwise specified, 4.75V< VCC <5.25V, 10 MHz< 1/TORC <24 MHz, 30 MHz< 1/TVCO <72 MHz, 
0 °C< Tj <135 °C. | 


PARAMETER | CONDITIONS | MIN | 


VIH High Level Input 2.0 
Voltage 


VIL Low Level Input 
Voltage 


IH High Level Input VIH = 2.7V 
Current . 
HL Low Level Input VIL = 0.4V 
Current | 
VOH High Level Output IOH = 400 LA 2.7 
Voltage | 
VOL Low Level Output lIOL=4mA 
Voltage , 
ICC Power Supply Current | All outputs & test point = 


pins open Tj = 135 °C 


PWR Power Dissipation All outputs & test point 
pins open Tj = 135 °C 
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ELECTRICAL CHARACTERISTICS (Continued) ie | 


PARAMETER CONDITIONS 


VOHT _ Test Point 2620 to VPD ; ine 
—. Qutput High Level 4020 to GND 
DRD, VCO CLK, VPD=5.0V 
VCO REF VOHT - VPD 


Test Point 262 Q to VPD 
‘Output Low Level 4020 to GND 
DRD, VCO CLK, VPD = 5.0V 
VCO REF VOLT - VPD 





DYNAMIC CHARACTERISTICS AND TIMING 


READ MODE (See Figure 3) 


PARAMETER | 
TRD Read Data Pulse Width 
| TFRD Read Data Fall Time 


TRRC Read Clock Rise Time 
j TFRC ~~ Read Clock Fall Time 
RRC Duty Cycle eras 4 ECL Outputs 
TTL Output 


CONDITIONS ee 





| TPNRZ NRzZ (out) Set Up/Hold © 


Time 


TWD Write Data Pulse Width | Ci. < 15 pF 


TFWD Write Data Fall Time 2.0V to 0.8V, CL. < 15 pF 


TRWC Write Data Clock 0.8V to 2.0V _ 
Rise Time 


TFWC Write DataClock . 2.0V to 0.8V « 
Fall Time 


TSNRZ_ WDNRZ Set up Time 
THNRZ WDNRZ Hold Time 
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WRITE MODE (Continued) 


PARAMETER CONDITIONS 


Precompensation TPCO=TBD (Cc+Cs) (Rc) 
Time Shift Rc=1K to 2K 

Magnitude Cs=stray capacitance 
Accuracy WCO =1WCi1 =1 


0.8TPCO-0.2 | 1.2TPCO+0.2 


0.8(2)TPCO | 1.2(2)TPCO 
0.8(3)TPCO | 1.2(3)TPCO 





DATA SYNCHRONIZATION 


PARAMETER CONDITIONS ) omin. | MAX | UNIT 


TVCO  +=VCO Center VCO IN = 2.7V 0.8TO 1.2TO 
TO =TBD 
VCC = 5.0V 
RR = TBD 


Frequency Period 
1V < VCO IN < VCC-0.6V +25 +45 9 
VCC =5.0. 
-28 
- 




























VCO Frequency 


Dynamic Range 
KVCO  +=VCO Control Gain 








%o 
WO = 2n/TO 0.1400 0.26m0 rad/ 
1V < VCO IN < VCC 0.6V sec V 

KD = TBD = 0.83KD 1.17KD A/rad 

VCC =5.0V, PLL REF = RD 

oll il Be 

(7s 1 | 





Phase Detector 
Gain 
















KVCO*_ KD Product 
Accuracy 


VCO Phase 
Restart Error 

















Referred to RRC 









Decode Window 
Centering Accuracy 






Decode Window 


CONTROL CHARACTERISTICS (See Figure 5 


) 
PARAMETER _ CONDITIONS 


lS 


[- ) 






UNIT 







SET UP TIME 


wCco, WC1 
HOLD TIME 
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NRZ (OUT) 


FIGURE 3: Read Timing 





FIGURE 4: Write Timing 





FIGURE 5: Control Timing 
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2 
& 


PREAMBLE 
7“0" 7*0" 11 *O” 11 "0" "3T" PATTERNS 


1 0000000 


1 ENCODED DATA 


— TIME MAX DELAY 







AMENB 


1 ZERO 
TIMING 
MIN 
a | 
6 "0" 9 "0" 6 "0" & 9 "0" 
TRISTATE *——— BISTABLE TRISTATE CASE 1 DETECT ist 
DETECT DETECT PATTERN 


1 ENCODED DATA 


TIME MAX DELAY 
AMENB | 
1 ZERO 
< ‘n° 
6 "0" ; 9 "0" 


6 "0" 9 "0" 
DETECT DETECT CASE 3 


If 5 bits of RD are detected after 6 "0" are found and before 9 “0" then restart and look for 6 "0." 


RD EXAMPLE 


6'0' CT CT CT CT CT 
Found 1 2 3 4 5 


> RESTART 


FIGURE 6: Address Mark Search 





ud]eSUSdWODAlg SLAA ULM 


O30N43 114 Z ‘L/uoneziuoiyouAs ejeg 


ZeESdceé ISS 


v8b-E 


6890 


0 3 19 


(ASSERT) | Pe 
RG : 


* 
RG 
3X °3T 
i 3 | : | 7 : 
fe ee ee et 
ZERO PHASE 
RESTART 


VCO IN 










— oo 
ee ee | ge 














NRZ 


anit  Exumpentasdegasenes 


ENABLE 
BIT SNYC SEARCH 
DISABLE 


kk . . 
VCO CLK | | | 


* 
RRC 
SOURCE Ope ee 
kk 
DLYD RD 
* 
PHASE DET SOURCE 
REF OSC 
INT COUNTER 
0 3 19 


* 
=— Internal Source 


FIGURE 7: Read Mode Locking Sequence (Soft and Hard Sector) 


kk : 
= — Test Point 


UOI}ESUSAWIODSJg SLA, UUM 


O30N43 T1Y Z ‘b/uoneziuoiyouAs eyeqg 


LESACE ISS 


68S0 


S8l-€ 


wok cs, - 


1 NRZ MIN 
1 NRZ MIN 
| 27 NRZ MAX 
; a 
(INTERNAL) TIMING BETWEEN AMENB & START OF WDNRZ TIMING 


| MUST MEET TIME REQUIREMENTS OF WRITE DATA. 


i 
AMENB ee SS 





AM ENC DATA AM ENC DATA AM ENC DATA AM ENC DATA 


FIGURE 8: Multiple Address Mark Write 


O3A0N4 11H Z ‘b/uoneziuoiyouAs ejeq 


UOIESUSAWIOD91d SAA ULM 
LESdZcE ISS 





98b-€ 


6850 


RG 1 NAZ 
| MIN | 


1. NRZ 
—> MIN 


MIN 38 NRZIF NO ‘ 
WG AMENB —$_—_——_—_4 
1 NRZ MIN 
(INTERNAL) | INEZ 
¢—__+_ __ MIN OF 62 NRZ RECOMMENDED 
(001" PATTERNS) 
1 NRZ 
AMENB 


MAX OF 3 X 3T (1,7) DELAY TO SYNC AMENB 
TO INTERNAL STATE 


WG 







5 NRZ PAD TO 
FLUSH ENCODER 
WDNRZ 









7*0" 7°0" 11°0° 11°0" 


a : I ADDRESS MARK PREAMBLE —1—> ENCODED DATA 
fr ™ (19 x 3T PATTERN) 
VCO LOCK 
(INTERNAL) 
| VCO LOCKS BUT VCO LOCK SIGNAL WILL STAY INACTIVE 


SOURCE FD—><—-X7AL 
R 
source oO Balle 
= AXA KX 
AAA, V\ A 
MAX 2 TIME PERIODS 
OF RAC 


FIGURE 9: Write Data 
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PACKAGE PIN DESIGNATIONS * 
(TOP VIEW) for a static sensitive component. 


RD [4 28 | | AGND 
vPA2 [| 2 27 || EPD 
AMENB [] 3 26 | | IREF id y 3 Lu 
Oo s a p 6 F tu 
we [] 4 25 [] vcoIN ome See 
Ra [}5 24 [|] PD OUT 4 3 2 
RGU5 25 U VCOIN 
wcLk [] 6 23 [| vPAt 







WCLK U6 24 9 PD OUT 






21 | | VCOCLK 
20 | | VCO REF 
Woo 19 |] vp Wet 
wes [] 11 18 |] XTAL2 WOO {10 20 1] VCO REF 


WDo 17 || XTAL1 WCS [| 11 19 7 VPD 
13 16 


21 f] VCOCLK 





NRZ {1 13 16 | | DGND 


AMD [] 14 15 [] RRC BEE? 5 2 2 
28-Pin DIP 28-Pin PLCC 


@ja = 55 °C/W Qja = 65 °C/W 


* ECL Output version TBD 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32D537 
28-Pin DIP SSI 32D537-CP SSI 32D537-CP 
28-Pin PLCC SSI 32D537-CH SSI 32D537-CH 











No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32D4660 Time Base Generator provides a 
programmable reference generator, channel filter 
control and data rate control for constant density re- 
cording applications. It is optimized to operate with the 
32D53xx series data separators and contains a high 
performance programmable PLL for 1% reference fre- 
quency control. A 7-bit DAC is provided to program the 
|IREF current which sets the data separator PLL oper- 
ating center frequency. A 7-bit DAC is provided to 
program the 1FDET current which sets the timing for 
the data separator synch field detect. Two additional 7- 
bit DAC’s are provided for programmable electronic 
filter (Slimmer) control. Two latched TTL outputs are 
provided to control filter multiplexers. A serial micro- 
processor interface reduces pin count and provides 
convenient access to the internal program storage reg- 
isters. The 32D4660 only requires a +5V supply and 
will be available in 24 pin DIP and SO packages. 






SSI 32D4660 


Time Base 
Generator 


Noe larecm lalielasiciueye 


July, 1989 


FEATURES 


For constant density recording applications 
Reference frequency control 
Channel filter control 


Internal DAC available to program data separator 
data rate 


Internal DAC available to program data separator 
sync field detect timing 


Up to 36 Mbit/s operation 

1% frequency resolution 

No external active components required 
+5V only operation 

Low power mode 

24-pin DIP and SOL package 





BLOCK DIAGRAM 


Filter 
Control’ 
(2 bits) 


SDEN 
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SDATA SCLK 


M—1 
FOUT = FIN (Mat) 


DACI (IREF) 


PWRON 
DGND 


AGND 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 








ssi 32D4660. 
Time Base 
Generator | 





PIN DESCRIPTIONS | 


INPUT PINS 


NAME 3 | DESCRIPTION Ose | | 


SDATA Serial Data. Data input for an 8 bit control shift register. The data packet is 
transmitted MSB (D7) first. The first four bits are the register address and the last 
four are its data bits. Registers larger than 4 bits must be loaded with two 8 bit data 

| | = packets. These packets should be loaded sequentially in less than 10 us since the 
loading operation will cause output transients. With proper loop filter design, the 
output transients will recover within 1 ms. The data packet fields are given in 
Table 1. : fae 


Serial Data Enable. A high level input enables data loading. The data is latched 
when the input is low. 


Power On. A high levelinput enables the chip. A low level puts the chipin alow power 
idle state. 


Frequency Output Enable. A high level input enables the FOUT output. A low level 
disables the output and minimizes the driven data separator jitter. 





OUTPUT PINS 


FOUT Frequency Output. An ECL output with internal current source. The low voltage 
swing which minimizes data separator jitter must be AC coupled to the data separator 
XLT1 input. FOUT = [(M—1)/(N—1)]FIN where M = M Register number and N = N 

, Register number. | | a 


DAC M DAC Output. 7 bit DAC current sink output used to program timing current to the data 
separator sync field detect SDS pin. The current magnitude is controlled by the 7 

MSB’s of the M Register and is compensated to minimize the sensitivity to power 

-| supply and temperature variations. If this output isn’t required, the pin must be 


connected to VCC. 


DAC Output. 7 bit DAC current source output used to program timing current for the 
data separator VCO center frequency. The current magnitude is controlled by the 
| Register and is compensated to minimize the sensitivity to power supply and 
temperature variations.. 


DAC Output. 7 bit DAC voltage Sate used for electronic filter control. The output 
voltage is set by the voltage at VR3 and the F Register number. 





DAC Output. Similar to DAC F except controlled by the S Register number. 


Filter Control 1. TTL output used to control an extemal filter multiplexer. CO=H sets 
FCO= H. 


Filter Control 2. TTL output used to control an external filter multiplexer. C1= H sets 
— FC1=H. 
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OUTPUT PINS (Continued) 


Clock Output. Optional TTL output that may be used for asystem clock. The output 


frequency is the same as the oscillator output frequency. For minimum FOUT jitter, 
parts with FCLK disabled should be used. FCLK remains active when PWR ON is 
low. 





ANALOG PINS 


XTL1, XTL2 Crystal Oscillator Connections. The circuit is designed to be used with an 8 MHz to 
20 MHz crystal. If acrystal is not desired, XTL1 may be driven by a TTL source with 
XTL2 left open. 

VR1, VR2 Current Setting Resistor Connections. An external resistor RR connected between 
VR1 and VR2 sets the DAC1 and DAC2 currents. 
Reference Voltage Input. An external 2.2V supply sets the reference for the DACF 
and DACS currents. 


Analog +5V Supplies 
veo SCS Digital +5V Supply 


TABLE 1: Data Packet Fields | 


ADDRESS BITS ee DATA BITS 


= 
a po 
s | 2 | 

| 0 | RGrecistTeR Fe 

| 1 | FRecsteR 
0 | S.c.RecisTeR 
=e 
em 
a 
| 9 
mae 




















a Te 
co fs 
sreasrer | ss | 
wreaisrer | wr 
wreaisrer | wo | 
Pwreasten | x [on 
Pwaccister | wi | N 








X = Dont care bit. 
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ABSOLUTE MAXIMUM RATINGS 
Operation above maximum ratings may damage the device. 


PARAMETER . _ a. RATING. 
. Storage Temperature 65 to +150 
Junction Operating Temperature, “a 


Supply Voltage, VCA, VCB, VCD 
Voltage Applied to Logic Inputs —0.5 to 5.5 
Maximum Power Dissipation _ —_ 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER RATING UNITS 
| Supply voltage, VCA = VCB = VCD 4.65<VCC<5.25 


| Junction Temperature, Tj | | 0<Tj<1 35 
Ambient Temperature, Ta 0<Ta<70 |—=— 


ELECTRICAL CHARACTERISTICS 
Unless Otherwise Specified: 4.65V<VCC<5.25, 0°C<Ta<70°C 


[panaweTeR ‘| conomons——SC*d?CON |W 

Pik High Levering Vonage [| —SSCSCS~dtCn 
re 
[ih High Leveling Curent | view Si 


fo roteangiea [eames [oe || 
av 


Power Supply Current : PWRON= 2.0V | | tap | ma 
PWRON-0.8V | te | 
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INPUT/OUTPUT CHARACTERISTICS 


PARAMETER CONDITIONS aes UNITS 

















FOUT Frequency 
JFO  FOUT Jitter 
DFO  FQOUT Duty Cycle 






TO = 1/FO 


50% Amplitude 
FOUT = 72 MHz 































M Divide Number 











TVCO VCO Center Frequency 


0.77TO 1.23TO 
Period 
VCO Frequency Dynamic 1V <FLTR < VCC —-0.6V, 
Range VCC=5V 


Phase Detector = (3.34 x 103)/RR 0.83KD 1.17KD 


DACM Current lO = 1.328 x 10?(M/RR), 0.9710 1.0310 
VCC =5V, TA= 25°C, —1/2LSB | +1/2LSB 
0.9510 1.0510 
—1/2LSB | +1/2LSB 


FLTR=2.7V, 
TO=6.98E-10(RR/M)+2.4 ns 
VCC=5V, RR=5.23K 





Cie 
Pr 
ae 
a 


















RR =5.23K 


IO = (4.62 x 102)/RR 
VCC = 5V, TA = 25°C, 






DACI Current 






















RR=9.23K 
DACF Voltage VOF=F*VR3/128, 0.97VOF | 1.03VOF 
VCC=5V —1/2LSB | +1/2LSB 





+5mV | +20mV 


0.97VOS | 1.03VOS 
—1/2LSB | +1/2LSB 
+5MV +20mV 















VOS=S*VR3/128 
VCC=5V 


DACS Voltage 




















VR3 DAC Reference 
IVR3_~——-VR8 Input Current 











VR3=2.4V 
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SSI.32D4660 — 
Time Base — 
Generator 





INPUT/OUTPUT CHARACTERISTICS (Continued) 


PARAMETER 


ROUT DACF, DACS Output 
Resistance 


SCLK Data Clock Period, TC 
TDD Data Set Up/Hold Time 


TDE Data Enable Delay Time Delay from data clock 
yo 4 rising edge 








Serial Byte Format. 


SDEN | | Oe 
SCLK | | . | | | | | | | 


yee ea eee eee 


TC (min) 





- FIGURE 1: Serial Port Timing © 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SSI 32H101A 
Si s 4 icf om Differential Amplifier 


July, 1989 
DESCRIPTION FEATURES 


The SSI 32H101A is a two stage differential amplifier ° Very narrow gain range 
applicable for use as a preamplifier for the magnetic «¢ 309 MHz bandwidth 
servo head circuit of Winchester technology disk 


aries e Electrically characterized at two power supply 


voltages: IBM Model 3340 compatible (8.3V) 
and standard OEM industry compatible (10V) 

¢ Mechanically compatible with Model 3348 type 
head arm assembly . 

¢ $S1I32H1012A available to operate with a 12V 
power supply 

¢ Packages include 8-pin DIP or SON 








BLOCK DIAGRAM PIN DIAGRAM 


VCC 


INPUT1 (+) OUTPUT1 (+) INPUT 2 (-) pe Vcc 
INPUT2 (-) OUTPUT2 (-) 






| 6 | OUTPUT 2 (-) 


VEE VEE | 4 | 5 | OUTPUT 1 (4 


8-Pin PDIP, SON 


Note : Pin must be left open and not ~ 
connected to any circuit etch. 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32H101A | 
Differential Amplifier 





ELECTRICAL CHARACTERISTICS 
TA = 25 °C, (Voc-VeE) = 8.3 to 10V 10% (12V +10% for 101A-2) 


ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER RATING 


Power Supply Voltage (Vcc - Vee) . | 
 §S132H1012A 
Differential Input Voltage | 


14 


Storage Temperature Range ty -65 to 150 





Operating Temperature Range _ 


DC ELECTRICAL CHARACTERISTICS 


PARAMETER. | CONDITIONS 
Gain (ferential 









Input Resistance 


| 20 
ae 
Input Dynamic Range (Differential) pPL=1902 st 3 Ed 
| 26 

| 30 

| 85 







Power Supply Current (Vcc - VEE) = 9.15V 
(Vcc - Vee) = 11V | 
(Vcc - VEE) = 13.2V (32H101A-2) 


Output Offset ( Differential Rs = 0, Rt = 130Q 


3 

—_ 

ga atl 

, i 

ae 

- Equivalent Input Noise | Rs=0,Ri=1309,BW=4MHz {| 
| 50 | 

_—_ 

ead 

55 





Gain Sensitivity (Supply) —, (Vcc - VEE) = +10%, RL = 130Q 


Gain Sensitivity (Temp.) TA = 25 °C to 70 °C, Rt = 130Q 
CMRR, Input Referred f<5 MHz 





RECOMMENDED OPERATING CONDITIONS 


PARAMETER CONDITIONS | MIN | NOM | MAX | UNITS | 
Supply Votage (Veo-Ve) | ras fc | os | 
_—— ea 1.0 


| 9.0 | 
/s2H10t2Aony | 10.8 | 

Input Signal Vi ee ee ee 
Ambient Temp. TA a Di os 
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SSI 32H101A 
Differential Amplifier 





APPLICATIONS INFORMATION 


CONNECTION DIAGRAM RECOMMENDED LOAD CONDITIONS 
1. Input must be AC coupled 


2. Cc’s are AC coupling capacitors 


3. Rt’s are DC bias and termination resistors (recom- 
mended 130Q) 


Rea represents equivalent load resistance 


5. Forgaincalculations pp. Rts REQ 
RL+REQ 





6. Differential gain = 0.72 Rp (+ 18%) (Rp in Q) 


7. Ceramic capacitors (0.1 uF) are recommended for 
good power supply noise filtering 








ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32H101A Differential Amplifier 


HIO1A 












No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
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son sens 


DESCRIPTION 


The SSI 32H116A is a high performance differential 
amplifier applicable for use as a preamplifier for the 
magnetic servo thin film head in Winchester disk 


drives. 


INPUT1 (+) 
INPUT2 (-) 


BLOCK DIAGRAM 


Vcc 


VEE 


OUTPUTI (4) 
OUTPUT? (-) 
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SSI 32H116A 


Differential Amplifier 





July, 1989 
FEATURES 


e Narrow gain range 
¢ 50 MHz bandwidth 
¢ {BM 3370/3380-compatible performance 


¢ Operates on either IBM-compatible voltages 
(8.3V) or OEM-compatible (10V) 


¢ Packages include 8-pin CERDIP, Plastic DIP or 
SON and custom 10-pin flatpack 


e $SI 32H1162 available to operate with a 12V 
power supply 





PIN DIAGRAM 





INPUT 1 (+) | 1 | 8 | SEE NOTE 
INPUT 2 (-) 2 | Vcc 
SEE NOTE 1 | 3 | 6 | OUTPUT 2 (-) 
VEE 4 | 6 | OUTPUT 1 (+) 





8-Pin PDIP, SON 


CAUTION: Use handling procedures necessary 
for a static sensitive component. | 





SSI 32H116A 
Differential Amplifier 


ELECTRICAL CHARACTERISTICS 
Tj = 15 °C to 125 °C, (Vcc-VEE) = 7.9V to 10.5V (to 13.2V for 32H1162) 


_ ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING i 
Power Supply Valage (VOO-VEE 


SS! 32H1162 


v 
Differential Input Voltage 
Storage Temperature Range -65 to 150 °C 
Operating Ambient Temperature (TA) °C 
Operati ng Junction Temperature (TJ) | 
Output Voltage VCC-20t0VCC+104 | Vio. 


DC ELECTRICAL CHARACTERISTICS 


Cc 
= 
— 










CONDITIONS | Nom | Max | UNIT | 

Gain (Differential) Vin = 1mVpp, 250 | 310 
Ta = 25°C, F = 1 MHz 

Bandwidth (3dB) Vin = 1mVpp, CL = 15 pF 20 | | MHz 

Gain Sensitivity (Supply) 

Gain Sensitivity (Temp.) 15°C <TaA< 55°C ae oe 


Input Noise Voltage Input Referred, Rs = 0 
Input Capacitance (Differential) Vin = 0,f = 5 MHz 


Input Resistance (Differential) 


Common Mode Vin = 100 mVpp, f = 1 MHz 
Rejection Ratio Input Referred 


0.7 nViVHz 
r 


0 


N 
oO 





Power Supply VEE + 100 mVpp, f = 1 MHz 46 


Rejection Ratio Input Referred 





Input Dynamic 
Range (Differential) 


AC input voltage where 
gain falls to 90% of its small 
signal gain value, f = 5MHz 







oO SN 
ne) oO 
Q. io} 
ee WW 








Output Offset 
Voltage (Differential) 


Output Voltage (Common Mode) Inputs shorted together and |VCC-0.45 
Outputs shorted together 










VCC-0.6 


F 
fz 
Oo 
oO 
E 

=< 


ee 
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SSI 32H116A 
Differential Amplifier 





DC ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS 





RECOMMENDED OPERATING CONDITIONS 


PARAMETER CONDITIONS | MIN 
Supply Voltage (VCC-VEE) | sds 


APPLICATIONS INFORMATION 













CONNECTION DIAGRAM RECOMMENDED LOAD CONDITIONS 


Input is directly coupled to the head 
Cc’s are AC coupling capacitors 


Rt’s are DC bias and termination resistors, 100Q 
recommended 


REQ. represents equivalent load resistance 


Ceramic capacitors (0.1 uF) are recommended for 
good power supply noise filtering 
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SSI 32H116A © 
Differential Amplifier — 





PACKAGE PIN DESIGNATIONS 
(TOP VIEW) - | 


N/C [| 1 10 FJ NC 









INPUT 14 (+) [1] 2 9 [-] SEE NOTE 
INPUT 2 (-) [| 3 gf] vec 
SEE NOTE 1 [1 4 7 [_] OUTPUT 2 (-) 


VEE, ]5 |. 6 |_| OUTPUT 1 (+) 





10-PinFlatpack 8-Pin PDIP, SON 


NOTE : Pin must be left open and not connected to any circuit etch. 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER 


SSI 32H116A Differential Amplifier. + ae | a 
SSI32H116A-CF | —HT16A-F 
a SSI 32H116A-CN H116A 
H1162A-F 
H1162A 









PACKAGE MARK 














No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SSI 32H523R 
4 ® Thin Film Single Channel 
Jl ref Servo Read/Write Device 


DESCRIPTION FEATURES 


The SSI 32H523R Read/Write device is a bipolar «© High performance: 

monolithic integrated circuit designed for use with a Read mode gain = 250 V/V 

two terminal thin film recording head. It provides a low Input noise = 1.0 nV/VHz max. 

noise read amplifier and write current control. In its Input capacitance = 45 pF max. 

servo application, the device willbe usedin write mode Write current range = 10 mA to 40 mA 
once then switched permanently to read mode. Data Head voltage swing = 3.4 Vpp min. 
protection is provided in both write and read modes to Write current rise time = 13 nsec 
guarantee servo data security. Power supply fault ee lofd ’ ided 
protection is effective in both write and read modes Highest level of data security provide 
while head short circuit protection is provided inwrite © Power supply fault protection 

mode. Further data security can be provided in read 
mode by removing the write current source voltage. It | 
requires +5V and +12V power supplies andis available ° +5V,+12V power supplies 
in a 14-pin SON surface mount package. Internal 

1000Q damping resistors are provided. 





¢ Head to ground short circuit protection . 





BLOCK DIAGRAM PIN DIAGRAM 
VDD  vcCi GND VCC2 





14-PIN SON 
WRITE 


CURRENT 
SOURCE 





CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 32H523R 
Thin Film Single Channel 
Servo Read/Write Device 


CIRCUIT OPERATION 


The SSI 32H523R provides write drive or read 
amplification. Mode control is accomplished with pins 
WDM, Write Data Mode, and R/W, as shown in Table 
1. An internal resistor pullup on R/W will force the 
device into a non-writing condition if the line is opened 
accidentally. 


WRITE MODE 


The write mode configures the SSI 32H523R as a 
differential current switch. The WDM pin state 
determines whether write current transitions are 
controlled by a single-ended TTL input, WDI, or by 
differential (ECL-like) inputs, WDI and WDI. With 
WDM open, write current is toggled between the X and 
Y direction of the head on each high to low transition on 
pin WDI, Write Data Input. A preceding read operation 
initializes the Write Data Flip-Flop (WDFF) to pass 
_write current in the X-direction of the head. 


With WDM grounded the head current direction is 
controlled by differential inputs WDI, WDI. For (WDI - 
WDI) > 200mvV the current is in the X-direction. 


The magnitude of the write current (0-pk) given by: 


_ Vwo 
~ Rwe 


where Vwc (WC pin voltage) = 1.65V + 5%, is 


‘current and power dissipation. 


Power supply fault protection improves data security 
by disabling the write current generator during a 
voltage fault or power supply sequencing. In addition 
a head to ground short circuit protection circuit will shut 
off the write driver and current to prevent excessive 
Triggering of this 
feature occurs when the DC voltage at either HDX or 
HDY is less than 2.0V + 15% in write mode 


READ MODE 


The read mode configures the SSI 32H523R as a low 


noise differential amplifier and deactivates the write 
current generator. The RDX and RDY outputs are 
open collectors and are in phase with the “X” and “Y” 


head ports. 


In read mode, the write data channel is powered down 
to reduce power consumption. Note thatin write mode, 
the read amplifier is deactivated and will not pull any 


current from the load resistor. 


For maximum data security in read mode VCC2 is left 
open or grounded. This eliminates the p voltage source 
for write current. 


‘TABLE 1: Mode Select 


programmed by an external resistor Rwc, connected ~ 


from pin WC to ground. The actual head current Ix, y 
is given by: 


lw 


Ix, y= —_____ 
1 + Rh/Rd 


where: 


Rh = head resistance + external wire resistance, ane 


Rd = damping resistance. 


64-10 


i 
_ Differential input 


Write 
oinale: -ended input 
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SSI 32H523R 
Thin Film Single Channel 
Servo Read/Write Device 





PIN DESCRIPTIONS 














DESCRIPTION | 


Read/Write: a high level selects Read mode 
WDI, WDI Lt Write Data In: toggles the direction of the head current 
HDX, HDY X, Y Head Connections: current in the X-direction flows into the X-port 


X, Y Read Data: differential read data output 





Write Current: used to set the magnitude of the write current 














Write Data Mode: Ground this pin for direct differential inDut using both 
WDI and WDI, leave open to select TTL input using WDI and the internal 
Write Data Flip-Flop. 


Note: To ensure maximum data integrity in write-once servo applications, this pin should be left open or 
shorted to ground after writing servo information. 


ELECTRICAL SPECIFICATIONS 


_ ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER SYMBOL VALUE UNITS 
Te 
“ostvecis0a | voc 








va | -08t0 vec2 +03 


VDD 
Vin 
VH 
Storage Temperature -65 to +150 





4-14 


SSI 32H523R 
Thin Film Single Channel 
Servo Read/Write Device 


PARAMETER | SYMBOL VALUE UNITS 


Read Mode 124 10% 

| vCCct 5 +10% 

Write Mode 12+ 5% 
a6 








DC Supply Voltage 











RECOMMENDED OPERATING CONDITIONS , 





Write Mode 20 - 43 


DD 
DD + 
| VCC2 5 +5% 
~ Output Pullup Resistors (to VCC1) | 100 
AR -70. | 
W 
Ti 


R 
Ambient Temperature Read Mode 
| A 









Operating Junction Temperature i 









Input High Current (IHL) 7 
Input Voltage (WDI, WDI) 


Head Current 
(HDX, HDY) 





Note 1: If VCC2 is at ground or open this current is zero. 
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| Input Noise Voltage BW=15MHz, Lh=0uH,R=00 | - | 07 | 


SSI 32H523R 
Thin Film Single Channel 
Servo Read/Write Device 





WRITE CHARACTERISTICS : | | 
Unless otherwise specified, recommended operating conditions apply, lw = 15mA, Lh = 1.5uH, Rh = 300 
f(DATA) = 5MHz, and +20°C < Tj < + 135°C 


PARAMETER conomons ‘| MIN. | NOM 
aor 


WC Pin Voltage (Vwc) 








READ CHARACTERISTICS 
Unless otherwise specified, recommended operating conditions apply, CL (RDX, RDY) < 20pF 






PARAMETER : CONDITIONS | MIN. | NOM] MAX’ UNITS 


Differential Voltage Gain 



















15°C < Ta < 55°C 


Bandwidth ' |Zs|<5Q, Vin = 1mVpp @ 300kHz | 10 
-3dB | [Zs|<5Q, Vin = 1mVpp @ 300kHz 


Gain Sensitivity 


8 
io) 


Differential Input Capacitance Vin = imVpp, f = 5MHz ) = | 40 | 45 | 
Differential Input Resistance Vin = 1mVpp, f = 5MHz 


Dynamic Range | AC input voltage where gain falls | +2 
to 90% of its small signal gain 
value, f=5MHz 


Common Mode Rejection Ratio Vin = OVDC+100mVpp @ 5MHz 


Power Supply Rejection Ratio 100m Vpp @ 5MHzonVDD, =| 54 
100m Vpp @ 5MHz on VCC1 





Output Voltage (Common Mode) | Inputs shorted together, and 
| outputs shorted together 


*VCC1 - 0.42 
™VCC1 - 1.0 
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SSI 32H523R 
Thin Film. Single Channel 
Servo Read/Write Device 





SWITCHING CHARACTERISTICS (See Figure 1) | 
Unless otherwise specified, recommended operating conditions apply, lw = Lon Lh =0,. Rh = 0, 
f(DATA) = 5MHz, and +20°C < Ld < +43°C 


PARAMETER | ‘CONDITIONS MIN MAX UNITS 







Delay to 90% of write current | - | o6 | ps 


Delay to 90% of 100mV 10MHz us 
Read signal envelope or to 90% | 
decay of write current 
Head Current | | 
Prop. Delay - TD1 “From 50 % points, Lh=Ouwh, Rn=0Q - 32 ns 
Asymmetry | Input has 50 % duty cycle and 1 
| 1ns rise/fall time, Lh=Ouh, Rh=0Q | 


Rise/Fall Time | 10% -90% points, Ln=Oyh, Rh=00} - | 13 | ns | 





R/W to Write Mode 
R/W to Read Mode 













(WDM = et 
—» q- TD1 


HEAD 
CURRENT 


(Ix-ly) 


(WOM = GND) 





FIGURE 1: Write Mode Timing Diagram 
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SSI 32H523R 
Thin Film Single Channel 
Servo Read/Write Device 





JUMPER DURING 
WRITE, MODE 
vcc 


4 


SERVO HEAD 
SSI 32H523R 





LEAVE OPEN AFTER 
WRITING SERVO 





FIGURE 2: Typical Application FIGURE 3: Package Pin Designations 
(TOP VIEW) 
14-PIN SON 





ORDERING INFORMATION 










SSI 32H523R-CN 32H523R-CN | 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 


in specifications at any time without notice. 
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NOTES: 
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SSI 32H566R 


‘Ly ® Ferrite Single-Channel 
Sl ref Servo Read/Write Device 





July, 1989 
DESCRIPTION FEATURES 


The SSI 32H566R Read/Write device is a bipolar °¢ High performance: 

monolithic integrated circuit designed for use with - Read mode gain = 150 V/V 
center-tapped ferrite recording heads. It provides alow - Input noise = 1.5nV/VHz max 
noise read amplifier, write Current control and data aa " 
protection circuitry for a single channel. The - Input capacitance = 20 pF max. 

SSI 32H566R provides internal 750Q damping resis- - Write current range = 10 mA to 40 mA 
tors. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is °* Power supply fault protection 


significantly improved by controlling the read channel , Designed for center-tapped ferrite heads 
common mode output voltage shift in the write mode. 


¢ Enhanced system write to read recovery time 





Programmable write current source 
¢ TTL compatible control signals 
e §6+5V, +12V power supplies 
¢ Socket compatible with the SSI 32H523R 





BLOCK DIAGRAM PIN DIAGRAM 


VDD1 VCC GND VDD2 VCT 


DRIVER 


| MODE | 
| SELECT [ 


HDX 
HDY 


WD! 





VOLTAGE WRITE 


FAULT CURRENT 
DETECTOR SOURCE 





CAUTION: Use handling procedures necessary for 
a static sensitive component. 
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SSI 32H566R © 
Ferrite Single-Channel 
Servo Read/Write Device 


CIRCUIT OPERATION 


The SSI 32H566R provides center-tapped ferrite head 
write drive or read amplification. Mode control is ac- 
complished with pin R/W. Internal resistor pullups, 
provided on pin R/W, will force the device into a non- 
writing condition if a control line is opened accidentally. 


WRITE MODE 


The write mode configures the SSI 32H566R as a 
current switch. Write current is toggled between the X 
and Y side of the selected head on each high to low 
transition of the Write Data Input (WD)I). 


The magnitude of the write current. (Q-pk) is pro- 
grammed by an external resistor RWC, connected 
from pin WC to ground and i is S given by: 
w= _K_ 
RWC. 


where K is the Write Current Constant. 


Note that actual head current Ix, y is given by: 


Iw 


x,y=-——_——_ 
1+ Rh/Rd 


Where: Rh = Head resistance plus external wire 
resistance | 
Damping resistance 


Rd 


‘PIN DESCRIPTIONS 


NAME TYPE | 


DESCRIPTION 








HDX, HDY 


RDX, RDY 
VDD1 


VDD2 


+12V 





Read/Write - A high level selects Read Mode | 


WRITE DATA IN - Negative transition toggles direction of head current 


X,Y head connections 

X, Y READ DATA - Differential read signal output 

WRITE CURRENT - Used to set the magnitude of the write. current 
VOLTAGE CENTER TAP - Voltage source for head center ep 





Positive power supply for the center-tap voltage source 
GROUND 


4-18 


Power supply fault protection improves data security 
by disabling the write current generator during a volt- 
age fault or power supply sequencing. 


To faduceintennal power dissipation, an opted exter- 


nal resistor, RCT, given by RCT < 130Q x 40/Ilw (Iwin 
mA), is connected between pins VDD1 and VDD2. 
Otherwise connect pin VDD1 to VDD2. 


To initialize the Write Data Flip Flop (WDFF) to pass 
current through the X-side of the head, pin WDI mustbe 


low when the previous read mode was commanded. 


READ MODE 


The read mode configures the SSI 32H566R as a low 
noise differential amplifier and deactivates the write 
current generator. The RDX and RDY outputs are 


_ emitter followers and are in phase with the “X” and “Y” 


head ports. These outputs should be AC coupledto the 
load. The RDX, RDY common mode voltage is main- 
tained in the write mode, minimizing the transient 
between write mode and read mode, substantially 
reducing the write to read recovery time in the subse- 
quent pulse detection circuitry. 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 





ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 

All voltages referenced to GND. Currents into device are positive. Maximum limits indicate when perma- 
nent device damage occurs. Continuous operation at these levels is not intended and should be limited 
to those conditions specified in the DC Operating Characteristics. 


PARAMETER RATING 


vo 
D 
D 























VIN Digital Input Voltage Range 
VH___ Head Port Voltage Range 
Write Current (0-pk) es ee 
| RDX,RDY (lo) Output Current =| | mA 
|VoT Output Curent | OA 
Lead Temperature PDIP, 260 
Flat Pack (10 sec Soldering) | 

SO (20 sec Reflow) 












RECOMMENDED OPERATING CONDITIONS 


as ee Fy eo 
|VCC DC Supply Voltage | =—Ss——'| 45 | 5.0 | 
pln Headinductance =| 
3 | 10 
j 2 





Ww Write Current (0-pk) 


Tj Junction Temperature +25 
Range 


“For lw = 40 mA. At other Iw levels refer to Applications Information that follows this specification. 





0789 4-19 


SSI 32H566R 
Ferrite Single-Channel 
servo Read/Write Device 


DC CHARACTERISTICS (Recommended operating conditions apply unless otherwise specified.) 


POWER SUPPLY 







PARAMETER > _ 





CONDITIONS 












VCC Supply Current 3 - 


VDD Supply Current (sum of VDD1 and VDD2) 
Wit 


Power Dissipation (Tj = +135°C) . 
Read Read Mode 


Write Mode, Iw = 40 mA, 
RCT =0Q2 — Py 


Write Mode, Iw = 40 mA, 
RCT = 130Q 





DIGITAL I/O 


PARAMETER CONDITIONS 






“VIL Input Low Voltage: LE 


VIH Input High Voltage 
HL Input Low Current VIL=0.8V -0.4 
IH = Input High Current © 5 | VIH=2.0V__ * 
WRITE MODE. 

| PARAMETER | CONDITIONS 
VCT Center Tap Voltage = | Write Mode | 


Write Mode, 
0< VCC <3.7V, 
0<VDD1 <8.7V 
2.375 












Head Current (per side) 









| Write Current Range 


Write Current Constant “K”. | 
_lwe to Head Current Gain es De rs 
RDX, RDY Output Offset Voltage | Write/Idle Mode | -20 | | +20 
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SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 





WRITE MODE (Continued) 


PARAMETER 


RDX, RDY Common Mode 


Output Voltage 





READ MODE 


PARAMETER CONDITIONS | NOM | 
VCT Center Tap Voltage Read Mode 40 | 


Head Current (per side) Read or Idle Mode 
0< VCC <5.5V 
0< VDD1 < 13.2V 





Input Bias Current (per side) fe 
| Output Offset Voltage Read Mode 7 -61 


Common Mode Output Voltage Read Mode 4. 





DYNAMIC CHARACTERISTICS AND TIMING 
(IW = 35 mA, Lh = 10 WH, Rd = 750Q, f(WDI) = 5 MHz, CL(RDX, RDY) < 20 pF. Recommended operating 
conditions apply unless otherwise specified.) | 


WRITE MODE 


PARAMETER CONDITIONS 


Differential Head Voltage Swing | 
Differential Output Capacitance ae 


Differential Output 
Resistance 





READ MODE 

PARAMETER CONDITIONS | 

Differential Voltage Gain | Vin=1 mVpp @ 300 KHz 
ZL(RDX), ZL(RDY) = 1 KQ 





Dynamic Range AC Input Voltage, Vi, @ 300 KHz 
Where Gain Falls by 10%. 
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READ MODE (Continued) 





PARAMETER > ae CONDITIONS 2, =" 
Bandwidth (-3dB) |Zs| < 5Q, Vin = 1 mVpp 


Differential Input Capacitance f=5 MHz | 7 - _ 


Input Noise Voltage BW = 15 MHz, 
Lh=0,Rh=0 

Differential Input f = 5 MHz 

Resistance 


Common Mode Rejection Ratio Vom = VCT + 100 mVpp 50 
a @ 5 MHz 


Power Supply Rejection Ratio 100 mVpp @ 5 MHz on 45 
VDD1, VDD2 or VCC 


Single Ended Output Resistance | f= 5 MHz 7 a 


Output Current AC Coupled Load, +2.1 
RDX to RDY | : 





. SWITCHING CHARACTERISTICS 


PARAMETER conpmions (| MN | NOM | MAX 


R/W 
R/W To Write Mode . Delay to 90% of 
Write Current 


Signal Envelope or 
to 90% decay of 
Write Current 


Head Current (Lh = OuH, Rh = 0Q) 
Prop Delay - TD1 7 7 | From 50% points, WDI to I(x-y) 


Asymmetry WDI has 50% duty cycle and 
| i: es he ~ | dns Rise/Fall Time — 


Rise/Fall Time rk | 10% - 90% points 





R/W to Read Mode _ Delayto90%of > 
100 mV 10 MHz Read | 
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APPLICATIONS INFORMATION 


The specifications, provided in the data section, ac- 
count for the worst case values of each parameter 
taken individually. In actual operation, the effects of 
worst Case conditions on many parameters correlate. 


SSI 32H566R 
Ferrite Single-Channel 
Servo Read/Write Device 





ters. Notice that under the conditions of worst case 
input noise, the higher read back signal resulting from 
the higher input impedance can compensate for the 
higher input noise. Accounting for this correlation in 
your analysis will be more representative of actual 
performance. 


Tj= Tj= 
| Inputs Noise Voltage (max.) nV/VHz 
50 62 


Tables 3 & 4 demonstrate this for several key parame- 


TABLE 3: KEY PARAMETERS UNDER WORST CASE INPUT NOISE CONDITIONS 


PARAMETER Tj=25°C Tj=125°C UNIT 
Inputs Noise Voltage (max.) nV/VHz 
Differential input Resistance (min. - 50 ~«| 100 Sid ti 
Differential Input Capacitance (max.) 10.8 


TABLE 4: KEY PARAMETERS UNDER WORST CASE INPUT IMPEDANCE CONDITIONS 


PARAMETER =125°C UNIT 














Differential Input Resistance (min.) 
Differential Input Capacitance (max.) 
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SEE NOTE 3 +12V 


100 pF 
a SEE NOTE 1 


+5V — 
SEE NOTE 3 RCT 


0.1 pF 


= vcc VDD1 VDD2 VCT 


MICROPROCESSOR 
m LOGIC ay HDX 













SUPPORT 
SSI 32H566R 
HDY 
SEE NOTE 2 : 
Ce. J. 
READ RDY 
DATA AGC 
AMPLIFIER 
Q SSI 32H6210 SERVO DEMODULATOR 
WDI 
WC GND 
SEE NOTE 4 
RWC 


NOTES 

1. An external resistor, RCT, given by; RCT < 130 (40/lw) where Iwis the zero-peak write current in mA, 
can be used to limit internal power dissipation. Otherwise connect VDD2 to VDD1. 

2. Limit DC current from RDX and RDY to 100 pA and load capacitance to 20 pF. 


3. The power bypassing capacitor must be located close to the device with its ground returned directly 
to device ground, with as short a path as possible. 


4. To reduce ringing due to stray capacitance this resistor should be located close to the device. Where 
this is not desirable a series resistor can be used to buffer a long WC line. 


FIGURE 2: Typical Application 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


RDX | | 1 || VDD 
RDY | | 2 13 | | HDX 
RW {13 12 | | HDY 
GND | | 4 11 | | VCT 
NIC} | 5 10 | | we 
N/c | 16 9 | | VDD2 
wo! | | 7 8 | | vcc1 





14-Pin SON 


THERMAL CHARACTERISTICS: @ja = 130 °C/W 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG. MARK 
SSI 32H566R Servo Ferrite Single Channel Read/Write Device 
14-Pin SON SSI 32H566R-N 32H566R-N 














No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 


(RG Ge en TR ee ee ee ee eee I a I ITB TEE OE I I TT EE RTT PT CT re TT TNT GEO 


0789 4-25 ©1989 Silicon Systems, Inc. 


NOTES: 





4-26 


son sens 





0689 





DESCRIPTION 


The SSI 32H567 Servo Demodulator is a bipolar de- 
vice intended for use in Winchester disk drives with 
dedicated surface head positioning systems. It proc- 
esses a di-bit quadrature pattern read from the servo 
surface by a preamplifier, such as the SSI 32H101 or 
SSI 32H116, and generates normal and quadrature (N 
and Q) position reference signals. These signals pro- 
vide the servo controller with position errorfeedback. A 
complete position control system can be realized with 
the SSI 32H567 and its companion devices, the 
SSI 32H568 Servo Controller and SS! 32H569 Servo 
Motor Driver. 


The SSI 32H567 incorporates an input amplifier with 
automatic gain control and offset cancellation, a phase 
locked loop and sync separator to recover timing infor- 
mation, and pulse area detectors to recover the posi- 
tion information embedded in a di-bit quadrature servo 
pattern. In addition, a bandgap voltage generator pro- 
vides an analog reference level for the entire servo 
electronics path. External components are used to set 
the operating characteristics of the SSI 32H567, such 
as AGC response, VCO center frequency, PLL re- 


SSI 32H567 


Servo Demodulator 


June, 1989 


sponse and sync separator threshold. Its high perform- 
ance analog/digital circuitry is capable of supporting 
servo frame rates of up to 500 KHz. 


FEATURES 


e Servo signal demodulation for Winchester 
disk drives with dedicated surface head posi- 
tioning systems 


¢ Supports industry standard di-bit quadrature 
servo pattern with frame rates up to 500 KHz 


e N, Q outputs convey track crossing and posi- 
tion error information 


e Pulse area detection technique for superior 
noise immunity 


e PLL for timing recovery and synchronization 
¢ Adjustable sync separator threshold 

* Auto-zeroing AGC input amplifier 

* Precision bandgap voltage reference output 


e Advanced bipolar process dissipates less than 
850 mW (5V, 12V) 


¢ Available in 28-pin PLCC, DIP, SO packages 


BLOCK DIAGRAM 


AGND 












SYNC LF 


4- 


OGND 


; PHASE LOCKED LOOP 


SYNC DETECT 
TIMING GENERATOR ae is 
eet a 





BP1 
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VREF (.4V) 








It | 


C2 RVCO 





BP2 CLD LOCK C1 
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FUNCTIONAL DESCRIPTION 
(Refer to block diagram, and typical application, Fig.2) 


The SSI 32H567 processes servo position information 
which is read from a dedicated surface by a pre-ampli- 
fier. The servo information must conform to the ‘di-bit 
quadrature’ pattern which is illustrated in Figure 3. 
Servo frames, consisting of data and sync pulses 
followed by four information pulses (A, B, C, D) are 
prerecorded along each track of the servo surface. All 
the servo frames on an individual track are identical, 
but in the radial direction four different frame types are 
encountered, with every fourth track being identical. 
The N signal generated by the SSI 32H567 is propor- 
tional to the difference in sizes of pulses A and B, while 
the Q signal is proportional to the difference between 
pulses C and D. When the read head is off track, the 
read signal is effectively a linear interpolation between 
the prerecorded information of two adjacent tracks, 
making it possible to sense the head displacement 
exactly. | 

The SSI32H567 has a differential input amplifier which 
incorporates offset voltage cancellation and automatic 
gain control. An external read preamplifier must pro- 
vide a differential input signal of 23 to 400 mV peak to 
peak from the servo read head. This signal is applied 
to a pulse area detector whose output is proportional to 
the area under the positive half of the input pulse. The 
external capacitor Cap integrates the incoming pulses 
while they are positive, and is discharged when they go 
negative. This area detection technique provides im- 
proved noise immunity over voltage detection. 


An AGC circuit adjusts the input gain so that the maxi- 
mum pulse area detector output is 2V peak. The AGC 
Circuit incorporates a peak detector which stores the 
maximum pulse area signal on the external capacitor 
Cpk. This signal is compared to an internal amplitude 
reference and the input amplifier gain is adjusted until 
they are equal. The capacitor Cacc determines the re- 
sponse time of the gain control circuit. An offset cancel- 
lation circuit , whose response is set with the external 
Capacitor Caz, ensures that the average level at the dif- 
ferential amplifier output is zero. 


All internal analog signals are referenced to a 5.4V 
bandgap reference voltage. This level is available at 
the VREF output, which is capable of supplying 10 mA 
to the rest of the servo path electronics. 


Inastandard servo frame, the data and sync pulses are 
more closely spaced than the information pulses (A-D). 
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This allows the sync detect circuit to recover the SYNC 
pulses. A threshold, which is defined as percentage of 
the peak signal at the output of the AGC amplifier, is set 
externally with RTH. Pulses which exceed this thresh- 
old are defined as valid pulses (ie. potentially SYNC or 
DATA). As illustrated in Figure 5, at the end of the 
positive going half of a valid pulse, a window set by Rw 
and Cw is opened. If asecond valid pulse occurs within 
this window, it is recognized as a SYNC pulse. This 
pulse becomes the input signal to a phase locked loop 
whose VCO clock frequency is 32 times the SYNC 





_ frequency (servo frame rate). The DATA output pin is 


low whenever a SYNC pulse is detected. The example 
illustrated in Figure 5 includes the case of a missing 
DATApulse. The SYNC clock output, which marks the 
start of a new servo frame, is derived from the VCO 
output so that the clock continues to run when a data 
pulse is missing. Absolute positioning information such 
as track 0 and guardband flags may be encoded on the 
servo surface by the omission of data pulses. 


To generate the servo pattern shown in the timing 
diagram, Fig. 4, the DATA and SYNC pulses must be 
written to overlap as shown in Fig. 6. 


The phase detector compares the. detected sync 
pulses with the SYNC output. A current pulse propor- 
tional to the phase error is applied to an external loop 
filter network connected to the LF pin, to generate the 
VCO control voltage. If improved power supply rejec- 
tion is required, bypassing may be provided at pins 
BP1 and BP2. The VCO center frequency is deter- 
mined by the external components Rvco and Cvco. 


A lock detect circuit measures the phase difference 
between the detected sync pulses and the sync output. 
When this difference exceeds half of a VCO clock 
cycle, a pulse of discharge current is applied to CLD. 
Otherwise a pulse of charging current is applied to 
CLD. 


Aclamp circuit limits the swing of the CLD pin and also 
insures that a small amount of hysteresis is present. 
When the voltage on CLD falls below the upper clamp 
level by more than the “lock margin,” the LOCK output 
transistor is turned on. Likewise, when the voltage on 
CLDrises above the lowerclamp level by more thanthe 
“unlock margin,” the LOCK output transistor is turned 
off. 


Internal timing windows are generated from the recov- 
ered SYNC pulse and VCO clock. These windows, 
WA, WB, WC, and WD, in Figure 4, enable the integra- 
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FUNCTIONAL DESCRIPTION (Continued) 


tion of the A, B, C, D pulses, respectively. Four peak 
detectors at the output of the pulse area detector are 
enabled in succession to capture the A, B, C and D 
information pulses, andthe N and Q analog outputs are 
formed by differencing adjacent pulses. These outputs 
change during a servo frame and only become valid 


Caac s 


om 
a a 
Wa 7 0.1pF 
ul a A PULSE AREA 
s= IN + DETECTOR 
oo 0.1pF 
uo, 
rh AUTO 





Cio 


ee 













_ SYNC DETECT 
AN 
TIMING GENERATOR fae BETECTOR 


Ld a a _ a | a a a a a 


SAMPLE CLOCK 
SERVO DATA 
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after the D pulse has been detected. N and Q shouldbe 
sampled by the servo controller on the next falling edge 
of the SYNC output clock. | 


An example of an entire servo path implemented with 
the SSI 32H567 and its companion devices, the 
SSI 32H568 and SSI 32H569, is shown in Figure 8. 





VREF (5.4V) 


g | 
a ] a a a 


ERENCE SIGNALS 


a 
POSITION REF- 
TO SERVO 


CONTROLLER 


Cab 


PHASE LOCKED LOOP 


ors 


CLOCK 
TO SERVO 





Ld 
CONTROLLER 


Rvco 


Cvco 
Cap {Cap |°LD 


Cu 


VREF 


} TO SERVO CONTROLLER 


FIGURE 2: Typical Application 
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PIN DESCRIPTION 






DESCRIPTION 









REFERENCE VOLTAGE - 5.4V output. All analog signals are refer-_ 
enced to this voltage. | | 


| = | ANALOG GROUND | 
VPA | = | ANALOG SUPPLY - 12V power supply. 
| - | DIGITAL SUPPLY - 5V power supply. 


DIGITAL GROUND 


AUTOZERO CAPACITOR - Acapacitor which sets the response of the 
input amplifier offset cancellation circuit should be connected between 
this pin and analog ground. 


NON-INVERTING INPUT - AGC input amplifier connection. The non- 
inverting output of the differential servo pre-amplifier should be AC 
coupled to this pin. 

INVERTING INPUT - AGC input amplifier connection. The inverting 
output of the differential servo pre-amplifier should be AC coupled to this 
pin. | 

PEAK HOLD CAPACITOR - A capacitor which is used by the peak 


detector of the AGC circuitry must be connected between this pin and 
~ analog ground. 





- AGC CAPACITOR - A capacitor which sets the AGC attack and decay 
times must be connected between this pin and analog ground. 


VCO OUTPUT - TTL compatible digital clock which is 32 times the sync 
frequency (servo frame rate). 


VCO CAPACITOR - Connection points for a capacitor which sets the 
VCO center frequency in conjunction with an external resistor con- 
nected to RVCO. 


PLL BYPASS - Bypass capacitors may be connected between these 
pins and analog ground to provide additional power supply rejection in 
the phase locked loop. 
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TIMING RECOVERY (Continued) 


DESCRIPTION 


PHASE LOCKED LOOP FILTER - An external RC network which sets 
the PLL loop characteristics must be connected between this pin and 
analog ground. 


VCO RESISTOR - Connection for a resistor which sets the VCO center 


frequency, in conjunction with the capacitor between pins C1 and C2. 
The resistor must be connectedbetween this pin and the VREF output. 


SYNC OUTPUT - TTL compatible digital clock whose falling edge 
indicates the presence of valid analog signals on the N and Q outputs. 
There is one SYNC cycle per servo frame. 


DATA OUTPUT - Active low TTL compatible digital output that indicates 
the presence of a data pulse in the servo frame. This signal is updated 
on the falling edge of the SYNC output. 


TIMING WINDOW - A resistor and capacitor must be connected in 
parallel between this pin and analog ground to set a timing window 
which is used in detecting SYNC pulses. 


PULSE THRESHOLD - A resistor which sets a threshold for SYNC and 
DATA pulse detection must be connected between this pin and VCC 
(digital 5V supply). 


LOCK DETECT CAPACITOR - The value of this capacitor determines 
how quickly the LOCK output responds. 

LOCK OUTPUT - An open collector output that indicates the lock status 
of the PLL. 


DESCRIPTION | 


AREA DETECTOR CAPACITOR - A capacitor, which forms an integra- 
tor to sense the pulse area of the servo position signals, must be con- 
nected between this point and analog ground. 


TYPE 






































N OUTPUT - This sampled analog signal is the normal position 
reference output. N is referenced to VREF and is periodic in radial dis- 


placement, with a period of 4 tracks. 


Q OUTPUT - This sampled analog signal is the quadrature position 
reference output. Q is referenced to VREF and is periodic in radial dis- 
placement, with a period of 4 tracks. It is 90 degrees out of phase with 
N. 


No connects on PLCC package: 4, 7 


Ei i 
> 
© 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS | ae | 
(Maximum limits indicates where permanent device damage occurs. Continuous operation at.these limits is 
not intended and should be limited to those conditions. specified in the. DC operating characteristics.) 


| PARAMETER | CONDITIONS ts 
VCC voltage oe 
VPA voltage | 


Voltage on PLL inputs 
Voltage on other inputs 
Storage Temp. 


Soider-Temp. 





RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
_ throughout this document.) | . 


PARAMETER CONDITIONS Tan [ve | wax 
VPA, analog supply ree ee 
4.75 5 














Supply noise pFetMHz | 
VCC, digital supply a ee 
[ Ta, ambient temperature} 


DC CHARACTERISTICS 


|| IPA, VPA current res: 











oe 
wa 

VOH, digital outputhigh | IOH[<4opA t—(‘z;;CSC kT 
| VOL, digital outputiow | Ouict.6ma | 

output current capacity 10 


| VREF output voltage | REF|c10mA tap eae 4 
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ELECTRICAL SPECIFICATIONS (Continued) 





AC CHARACTERISTICS 







IOUT = 0-10 mA 
1 uF bypass to AGND 
Frequency<15MHz 


Output impedance F = 1 MHz 
Load resistance To VREF ) to fo {| 


VREF output impedance 












A 
2) 


Load capacitance 


Peak output voltage Referenced to VREF 1.8 2 2.2 
23-400 mVp-p differential 
Offset voltage re ae eee Ee 


Input amplifier 


® 
© 


2 
< 





A 
5 


Input resistance ee 
much 
Input capacitance Te 


Bandwidth 


Input referred noise 10 Hz<F<40 MHz 
PSRR F<0.5MHz 


AGC dynamic range Cap(pF)=720/fvco(MHz) 


AGC headroom 
AGC bandwidth Open loop unity gain 
Cacc=0.04 uF 
Cpk=1500 pF 
| SYNC detector 
Timing window 0.4(Rw * Cw) 
Valid pulse threshold | RTHinKQ(%offullscale) | 
LOCK Detector 
CLD up current 
CLD down current 
CLD lock margin ee eae 
ee eae 


xe) (e) 
m/|o 


= 
Z| 


= 
ele 
N 


» 


- 


H 





PO 
ye) 
.o) 
= 
i 
> 
N 
a 








% 


a 





CLD unlock marign 
CLD hysteresis 
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AC CHARACTERISTICS (Continued 


PARAMETER CONDITIONS | min | tye | Max UNITS 


Phase locked loop 
Capture range 
VCO phase shift 
VCO phase delay 


VEO ceniorfequencyrangs | SiC 


Center frequency error 
VCO gain 


Phase detector gain 






_L OO TO 
| Missing DATA pulse |_| |_0.005 | radtrame | 
Ee 
pulse zero crossing 
pf 6 | Mz 
| cworveote | | ft 8 
radis/V 


15.92 uA/rad 


TIMING CHARACTERISTICS —— a | 
(Digital output load capacitance Cl<15 pF, VCO frequency fvco <16 MHz, timing measurements for digital 
signals are measured at 1.3V, unless otherwise noted. ; 


PARAMETER 


TDD, data delay 
TW, sync pulse width 


) 
CONDITIONS TY 


TSKW, SYNC to VCO skew 


SYNC fall time 


TADS, Nor Q 
output setup time 


TADH, N or Q 
output hold time 


T1 accuracy, 11-32/fvco 
T2 accuracy, T2-6/fvco 

T3 accuracy, T3-12/fvco 
T4 accuracy, 14-18/fvco 
T5 accuracy, 15-24/fvco 
T6 accuracy, T6-1.5/fvco 
T7 accuracy, T7-2/fvco 
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APPLICATIONS INFORMATION 


A typical SSI 32H567 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. 


INPUT AMPLIFIER 


The autozero circuit is effectively a high pass filter, 
whose pole frequency is given by: 


faye 229 Hz 


Caz( pF ) 


With a value of 10 uF for Caz, the autozero circuit’s 
corner frequency will be 22 Hz. Thisis sufficient for DC 
offset rejection and it will not interfere with the servo 
signal. 


The AGC response may be characterized in terms of 
the open loop unity gain bandwidth of its control loop. 
The nominal value for this loop is set by Caacc as 
follows: 


390 
Cacc( uF ) 


For a nominal bandwidth of10 kHz, Cacc should be 
0.039 nF. With a 1% Capacitor, the variation in actual 
bandwidth will be +/- 50% due to the tolerance of 


feaw= Hz 


_internal components. The AGC peak detector capaci- 


tor should always be set to 1500 pF. This represents a 
reasonable tradeoff between leakage current toler- 
ance and storage aperture time. 


The pulse area detector storage capacitor must be 
chosen to keep the AGC circuit operating within its 
linear range. Its value is related to the VCO frequency 
as follows: 


720 


___f£V____ pF, where f vco is the VCO frea. 
fvco(MHz)~ om = 


Cap= 


Larger values for Cap are required with lower VCO fre- 
quencies in order to maintain constant signal levels 
within the device, since the integration time is in- 


_ creased. 
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SYNC DETECTOR 


Two sync detector parameters may be adjusted with 
external components. The firstis the valid pulse thresh- 
old. The threshold is expressed as a percentage of a 
full scale pulse (since the sync detector follows the 
AGC and input amplitude variations are removed). The 
threshold is determined with resistor RTH as follows: 


0.37 
RH ( KQ) 


Threshold = °100(%) 


For example, a value of RTH = 1 KQ sets the valid pulse 
threshold at 37% of full scale. This prevents false trig- 
gering on noisy signals, but does not unduly shorten 
the sync pulse. 7 | 


A timing window is used to detect sync pulses, since 
the sync and data pulses are more closely spaced than 
any other pulses in a valid servo signal. The delay from 
the zero crossing of the data pulse to the leading edge 
of the sync pulse is 1.5 cycles of the VCO clock. The 
next most closely spaced pulses (which must be re- 
jected by the sync detect circuit) are separated by 3 
VCO cycles. Thus the timing window should be set for 
2.25 cycles of the VCO clock, to allow reliable detection 
of the sync pulse. The timing window is determined as 
follows: 3 


Window = 0.4 (Rw* Cw) (s) 


The resistor Rw should always be set to 5.6 KQ, which 
means that for a 2.25 cycle window, Cw is given by: 


Cyn 1000 op 
f vco( MHz) 


For a 16 MHz clock, Cw should be chosen as 63 pF. 


LOCK DETECTOR 
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The LOCK detector behavior is controlled by the value 
of Ctp. A value too small will be prone to unlock pre- 
maturely and give false warnings to the system. A 
typical value for Cp is 0.01 uF. 
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APPLICATIONS INFORMATION (Continued) 


PHASE LOCKED LOOP 


The VCO center frequency is determined by Rvco and 
Cvco. Rvco should always be set to 11 KQ+ 1%. Cvco 
may then be chosen by: | 
Cyco= 8380 - 10.6 pF, where fvco is the 
fvco desired center fre- 
quency in MHz. 


For fvco = 16 MHz, Cvco = 41 pF and for fvco = 4 MHz, 
Cvco = 200 pF. If 1% tolerance external components 
are used, the VCO absolute frequency accuracy will be 
15%. The VCO output frequency is related to the 
control voltage at the loop filter pin, VLF, as follows: 


0 = 441.667 ( Vir - Viras) 
fvco | 


This means that the VCO gain, Ko, is given by: 
Ko=2¢ m1 fyco( Hz )° 1.667 radsV 


The phase detector is a digitally controlled charge 
pump, which injects a current into the loop filter whose 
average value is proportional to the phase error. The 


VREF-2 VREF VREF+2 SERVO DEMODULATOR 
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RADIAL DISPLACEMENT (TRACKS) 








detector gain, Kd, is fixed at 15.92 pA/rad. If a loop filter 
consisting of a series resistor and capacitor is used, as 
shown in Figure 2, the phase locked loop becomes a 
second order system with the following transfer func- 
tion: : 


2 
phase error». _ (s/on ) 


input phase 7 
14+2*z*s/on+ (S/n) 

where: | 

won (natural freq.) = 1((Ka* Ko/(32* Cy) rad/s 

z (damping factor )=0.5*Ri*Cu ean 
As an example, the vaiues for Cvco, Ri and Cu are 
derived for a system with the following specifications: 
fyco=16MHz wn(2°n)=4600Hz z=0.68 


Cvco= 830 - 10.6=41 pF 
fvco 
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FIGURE 3: Pre-recorded Servo Signal and Servo 
Demodulator Output vs. Radial Displacement 
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FIGURE 5 : Sync and DATA Pulse Detection 
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ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. 
SSI 32H567, Servo Demodulator | 










PKG. MARK 






28-Pin DIP SSI 32H567-CP 32H567-CP 
| 28-Pin PLCC SSI 32H567-CH 32H567-CH 
| 28-Pin SO | SSI 32H567-CL 32H567-CL 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32H568 Servo Controller is a CMOS device in- 
tended for use in Winchester disk drive head position- 
ing systems. When used in conjunction with a position 
reference, such as the SSI 32H567 Servo Demodula- 
tor, and a motor driver, such as the SSI 32H569 Servo 
Motor Driver, the device allows the construction of a 
high performance, dedicated surface head positioning 
system which operates under microprocessor control. 


The SSI 32H568 generates position and track crossing 
information from standard di-bit quadrature position 
signals, derived from a dedicated servo surface. In its 
seek mode, the controller attempts to match the actual 
head velocity to a programmed target value, while in its 
track mode, it keeps the head centered on a track. 
Internal status and control registers allow a micropro- 
cessor to select operating modes, monitor track infor- 
mation and establish velocity targets. (Continued) 
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June, 1989 
FEATURES 


* Servo control for Winchester disk drives with 
dedicated surface head positioning systems 


e Accepts standard di-bit quadrature position in- 
formation 


¢ 500 KHz maximum servo frame rate 


¢ Microprocessor bus interface compatible with 
16 MHz 8051 


¢ Seek and track modes 

¢ Programmable velocity profile and loop gains 
e Internal offset cancellation capability 

¢ Track crossing interrupt 

* Low power CMOS design 


e Available in 32-pin DIP or 44-pin PLCC 
packaging 
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-DESCRIPTION (Continued) | 


The microprocessor bus interface is optimized for use 
with multiplexed address/data bus microprocessors 
such as Intel’s 8051, operating at up to16 MHz. 


The SSI 32H568 is a low power, CMOS device and is 
available in 32-pin DIP and 44-pin PLCC packaging. 


FUNCTIONAL DESCRIPTION 


The SSI 32H568 receives position information from a 
servo demodulator through the analog inputs N and Q, 
which are sampled on the falling edge of SYNC. 
FSYNC, the maximum SYNC frequency (which is the 
servo frame rate) is 500 KHz. The position processor 
compares the analog N signal with both Q and —Q, to 
generaie the digitai signais NQ and NQ. Since the N 
and Q signals have a period of four tracks, NQ and NQ 
provide additional information on which track the head 
is positioned over. Figure 6 shows the behavior of 
various position signals as radial displacement 
changes. A track crossing signal (TRKCS) may be 
programmed to provide an indication of each track 
crossing, or alternate track crossings. Internal timing 
hysteresis forces the NQ and NQ bits to remain con- 
stant for at least two servo frames. This prevents noise 
at the N and Q inputs from causing multiple track 
crossing indications at low head velocities. 


The SSI 32H568 has two modes of operation, track and 
seek, which are selected under microprocessor con- 
trol. In the track mode, the control loop drives the 
position error signal to zero. Inthe seek mode, the loop 
attempts to match the head velocity to a velocity target 
programmed through the microprocessor interface. 


Intrack mode, the head position error signal is summed 
with an 8-bit programmable offset signal which may be 
used to null out circuit offsets or to permit reading of off- 
track data. This adjusted position error signal is avail- 
able on pin FP1. A lowpass filter with a corner fre- 
quency above 0.1 * FSYNC provides a small amount of 
smoothing. A position loop filter may be constructed 
from external RC components and amplifier A1, whose 
output is switched to buffer amplifier A2 while track 
mode is selected (control bit T/S=1). Switch $1, con- 
trolled by the DUMP bit, is used to keep the feedback 


capacitor inthe position loop filter discharged while the 


controller is in seek mode. The output of A2 is the error 
signal (EOUT) which should be connected to the servo 
motor driver circuitry. The position error is also applied 
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to a window comparator with programmable limits that 


provide a digital indication of whether the head is on 
track or not, through the ONTRK bit in the status 
register. Insystems employing the SSI 32H569, EOUT 
should be connected to the SSI 32H569 .ERR- pin 
through an input resistor. 


The SSI 32H568 has a calibration control which per- 
mits the cancellation of position error offsets. When the 


control bit CAL is set, the inputs to the position proces- 
sor are switched to VREF instead of N and Q. A 


comparator connected to the EOUT pin senses the 
sign of the error signal (ERSGN), allowing the micro- 
processor to alter the offset DAC input word until an 


LSB change causes ERSGN to change state. At this 


point internal offsets in the position error path have 


been cancelled. 


In seek mode, the position error is differentiated by a 
switched capacitor differencer, to produce a velocity 
estimate. The differencer does not sample the position 


error immediately after the discontinuity that occurs 


when a track boundary is crossed. This prevents the 
discontinuity from disturbing the differentiator output. 
The velocity estimate is applied to a velocity loop filter 
consisting of external RC components and amplifier 
A3. A signal proportional to motor current may also be 
summed in at A3, to compensate for the fact that during 
rapid acceleration the high pass filter does not accu- 
rately model a differentiator. Switch S2, controlled by 
the ACCIN bit, allows the motor current feedback to be 
altered under microprocessor control. A velocity error 
term is computed as the difference between the veloc- 
ity target and the actual head velocity. The velocity 
target is generated by a DAC from the digital word 
stored in the TARGET register. The output of the 
velocity loop filter (pin FV4) is proportional to the actual 
head velocity and is scaled by a 4-bit programmable 
velocity gain before.being subtracted from the velocity 
target. Also, a fill signal which is generated by multiply- 
ing the position error by a:4-bit programmable fill gain 
is subtracted from the velocity error. The fill signal 
compensates for the 8-bit quantization of the velocity 
target signal, which becomes a factor as the head 
velocity approaches zero. As the head nears the des- 
tination track at the end of a seek operation, the target 


velocity is zero, so if a fill term which is proportional to 


position error is subtracted fromthe velocity error term, 
the velocity loop will cause the head to come to rest at 
the center of the track. Without this additional fill signal, 
the velocity loop would not necessarily center the head 
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in the destination track. In seek mode, the velocity error 
signal is switched to buffer amplifier A2, which drives 
the EOUT pin. 


The actual velocity profile of the head is determined by 
the values written to the target velocity DAC. Typically, 
a new velocity target is written at each track crossing. 
An automatic update feature (enabled when UP- 
DATE=1) causes the next velocity target to be loaded 
from a holding register when a track crossing occurs, 
so that the microprocessor does not have to perform 
this time-critical operation. 
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The SSI 32H568 has 8 registers, described in "Regis- 
ter Description", which are accessed through a micro- 
processor interface optimized for multiplexed address/ 
data bus processors. A3-bit register address is latched 
from the bus on the falling edge of ALE (address latch 
enable) and a bus cycle occurs if CS (chip select) and 
either RD (read strobe) or WR (write strobe) are as- 
serted. An open drain interrupt line (INT) may be used 
to cause a microprocessor interrupt when a track 
crossing occurs. 
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FIGURE 2: SSI 32H568 Typical Application 
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PIN DESCRIPTION 


POWER 


DESCRIPTION 


BIAS INPUT - This input sets the internal opamp bias currents. A 
20 KQ 1% resistor should be connected between RBIAS and 
AGND. 


REFERENCE VOLTAGE -5.4V input which is used as the DC ref- 
erence level for all analog signals. (This level is available as an 
output from the SSI 32H567). 


ANALOG GROUND 
DIGITAL GROUND 


DIGITAL 5V SUPPLY - 5 volt supply for the microprocessor 
interface circuitry. 


DIGITAL 12V SUPPLY - 12 volt SUPP forthe switched capacitor 
filter clocks. 


ANALOG 12V SUPPLY - 12 volt supply for all analog Circuitry. 


QUADRATURE INPUT - Analog position signal from servo de- 
modulator. 


NORMAL INPUT - Analog position signal from servo demodulator 
(90 degrees or 1 track out of phase with Q signal). 


SYNC INPUT - The falling edge of this clock causes the analog 


information on the N, Q inputs to be sampled. There is one SYNC 
pulse per servo frame and the maximum rate is 500 KHz. This 
signal is generated by the SSI 32H567. 


CLOCK INPUT - This clock must be either 32 or 72 times the rate 
of the SYNC clock (selected by the FRFMT bit in STATUS 
register). It is usually supplied by the VCO output of the servo 
demodulator (eg. SSI 32H567). 


CHIP SELECT - Active low signal enables device to respond to 
microprocessor read or write. 


ADDRESS LATCH ENABLE - Falling edge latches eet ad- 
dress from pins ADO-AD2. 


READ STROBE - Active iow signal causes the contents of the 
addressed register to be placed on the address/data bus (ADO—7) 


— if CS is also active. 
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MICROPROCESSOR INTERFACE (Continued) 


44-pin| TYPE | DESCRIPTION 
PLCC 


WRITE STROBE - Active low signal causes the data on the 
address/data bus to be written to the addressed register if CS is 
also active. 
















INTERRUPT - This active low open drain output is asserted when 
a track crossing is detected. It is released when the internal track 
crossing status bit (TRKCS) is read by the microprocessor. 


TRACK/SEEK - This output reflects the state of the T/S bit in the 
STATUS register. It is high when the device is in track mode and 
low when it is in seek mode (PLCC package only). 


ADDRESS/DATA BUS - 8-bit bus which carries register address 
information and bi-directional data. 













RESET - This active low input is used to force all the internal 
registers to their reset condition (PLCC package only). 














OFFTRACK - This open drain output is asserted whenever the 
head position is outside the window specified by NW. Itis always 
asserted in seek mode (PLCC package only). 











VELOCITY FILTER OUTPUT - This is the output of amplifier A3 
which forms part of the velocity loop filter. This signal is internally 
amplified and compared to the target velocity. 


VELOCITY FILTER INPUT (SWITCHED) - This input is con- 
nected to the inverting input of amplifier A3 through a switch which 
is closed when control bit ACCIN is set and open when ACCIN is 
cleared. 


VELOCITY FILTER INPUT - Direct connection to the inverting 
input of amplifier A3. 


ESTIMATED VELOCITY OUTPUT - Output of the position error 
differentiating high pass filter. 


LOOP ERROR SIGNAL - Buffered output which is the position 
error in track mode (T/S = 1) or the velocity error in seek mode 
(T/S = 0). This signal should be connected to the servo motor 
driver circuitry. In systems using the SSI 32H569 servo driver, 
EOUT is connected to the SSI 32H569 pin ERR- through a 
resistor. 


POSITION FILTER CAPACITOR - The external position loop 
filter feedback capacitor should be connected between this pin 
and FP3. When the DUMP bit in register WINDOW is set, an 
internal switch (S1) shorts FP3 to FP4. This allows the external 
capacitor to be kept discharged during seek mode. 
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CONTROL LOOP (Continued) se 7 | . : 
44-pin|TYPE| DESCRIPTION =—iws a 
PLCC | 

FP3 Be POSITION FILTER OUTPUT - Output of position loop filter 


0. 
| i amplifier A1. In track mode this signal is the position error and is 
FP2 ne ae 
. wk 


internally connected to buffer amplifier A2. 
The actual transfer function from N, Q to FP1 is: 

























POSITION FILTER INPUT - Inverting input to opamp A1. 


POSITION ERROR OUTPUT - Offset-corrected output of the 
position processing circuitry, which is proportional to the radial 
displacement of the head from the center of the current track. 





H (z) er 2 : SIG ee where: T =1 
ee wT /2 7=e 

This transfer function exhibits a high frequency roll off with a 3dB point at f = 0.11 FSYNC. 

Unused pins on PLCC package: 2,4,6,8,18,20,25,33 

* FP4 tied to FP2, Pin 7, internally on 32 pin DIP package. 


REGISTER DESCRIPTION ; é 


The SSI 32H568 has 8 internal registers which contain status, control and loop parameter information. A three 
bit register address is latched from inputs ADO-AD2 on the falling edge of ALE. The corresponding register is 
accessed if CS is then asserted, with the direction of access being determined by RD or WR. The registers are 
summarizedinFigure3.  — | | 


Reeren ADORERE rome [OTT eee 













a 
| TARGET | acs 4 1 te | : TARGET VELOCITY 
next | 2] RR | NEXT TARGET VELOCITY 
WRITE 
Ld 
el 
| 8 


z 
G) 









STATUS eae ae 
a ware | Sos fT 
RESET WRITE ONLY RESET (ANY VALUE) 7 





- FIGURE 3: SSI 32H568 Register Map 
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REGISTER DESCRIPTION (Continued) 


GAIN Address0O Read/Write 


GAIN SETTINGS - Used to set the velocity gain and fill gain. These settings are only significant in the 
seek mode. 





DESCRIPTION 


VELOCITY GAIN - 4-bit quantity which sets the gain applied to the velocity 
signal at the output of opamp A3. 


FILL GAIN - 4-bit quantity which sets the gain applied to the position error 


which is added to the velocity signal. 





If NVG and NFG are represented as integers ranging from 0 to 15, then for a zero velocity target, the error 
output in seek mode is given by: 


EOUT - VREF = ( FV4-VREF ) A (FP1-VREF ) 


TARGET Address 1 Read/Write 


CURRENT VELOCITY TARGET - This register selects the 8 bit velocity target which is subtracted from 
the actual velocity to yield velocity error in seek mode. The sign of the velocity target is determined by the 
VELPOL bit in register VELCON. If TARGET is represented as an integer from 0 to 255, then the voltage 
at the output of the velocity target DAC, VT, is given by: 


VT =VREF (1 TARGET |, VELPOL=0 


VREF [1+ TARGET | veLrou=1 
340 


The SSI 32H568 has an update feature which allows this register to be loaded automatically with the 
contents of the next target register when a track crossing occurs. The target register may also be written 
to directly by the microprocessor to cause an immediate change in target velocity. 





NEXT Address2 Read/Write 


NEXT TARGET VELOCITY - This register contains an 8-bit value that will be loaded automatically into 


the velocity target register when a track crossing occurs, if the UPDATE bit in VELCON is set. This register 
is unused if UPDATE is cleared. 
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REGISTER DESCRIPTION (Continued) 


VELCON Address3 Read/Write 


Tnawe | DESCRIPTION 7 


VELPOL VELOCITY TARGET POLARITY - If this bit is set, the velocity target will © 
be positive (with respect to VREF) and if it is reset, the velocity target will 
be negative. 


ENABLE VELOCITY TARGET DAC - If ENA is set, the velocity target 
DAC will be enabled and if it is cleared the output of the DAC will be 
clamped to VREF. 


2 ¢ UPDATE UPDATE MODE SELECT - When this bit is set, the contents of the 





NEXT register will be transferred to TARGET automatically when a track 
crossing occurs. If it is cleared, new velocity targets must be written 
directly to the TARGET register by the microprocessor. 


DIFFERENTIATOR CHARACTERISTIC SELECT - These bits select the 
characteristic of the differentiator high pass filter as follows: 













NDO-ND1 


H(s) = _-G , We 1 (1+_ND) rad/sec 
1+W 27 1.75 
s .G= 14.3 7 


Where Ti is the period of the SYNC clock input in seconds,-s is the somplex 
frequency variable in radians/second and ND is an integer from 0 to 3. For 


s<<W the high pass filter H(s) acts like a differentiator. Fora SYNC rate of 
500 kHz, the corner frequency W will be: 


ND1|NDO Wn itz 
00 


The actual transfer function from N, Q, to FV1 is: 













— 100(z-1) sin(@T2) yr | 
MF sGerenDe) ane ee 


zZ=e 


This transfers function is approximated throughout this data sheet with an 
Ss domain approximation that is accurate for f< .05 » FSYNC. 
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REGISTER DESCRIPTION (Continued) 


WINDOW Address 4 Read/Write 


WINDOW CONTROL - This register is used to program the on-track window comparator and also 
contains several control bits. 


NW0-NW2 WINDOW SELECT BITS - This 3 bit word selects the window comparator 
threshold voltage. The on track indicator bit will be true as long as: 


| FP1 - VREF|< VREF[(1 + NW)/32] 


where NW is an integer from 0 to 7. 


POSITION LOOP FILTER DUMP CONTROL - When this bit is set, pins FP3 
and FP4 are switched together internally by S1. This causes the external 
position loop filter feedback capacitor to be discharged. 


CALIBRATION MODE - When this bit is reset, the N and Q inputs are 
connected to the position processor and normal operation occurs. When 
CAL is set, the processor inputs are connected to VREF, causing the FP1 
output to reflect the offset voltage errors in the position sensing path. 





STATUS Address5 Read/Write access as noted 


STATUS REGISTER - Contains track status information and several control bits. 


DESCRIPTION 


TRACK CROSSING INDICATOR - The function of TRKCS is determined by 
the CSMOD bitinthis register. Wnen CSMOD is set, TRKCS willbe set every 
time NQ or NQ change state (ie. on every track crossing). When CSMOD is 
reset, TRKCS willbe set every time NQ changes state (ie. on alternate track 


crossings). TRKCS is reset every time STATUS is read by the microproces- 
sor. The INT interrupt output is the inverse of TRKCS. (TRCKS is read only.) 


TRACK QUADRANT - This bit is set when: 
N-VREF > VREF-Q” 
and reset otherwise. (NQ is read only) 


TRACK QUADRANT - This bit is set when: 
N-VREF > Q-VREF 
and reset otherwise. (NQ is read only) 
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REGISTER DESCRIPTION (Continued) 


av | name | peScRIPTON ace 


ON TRACK INDICATOR - This bit is set when the voltage on pin FP1 is within 
the window selected by the WINDOW register. Iti is reset otherwise (ONTRK 
is read only). 


FRAME FORMAT - Used to indicate the relationship between CLOCK and 
SYNC. If this bit is set, the VCO clock rate must be 32 times the SYNC clock 

rate. If itis reset, the VCO clock rate must be 72 times the SYNC clock rate. 
(FRFMT is read/write). 


CROSSING INDICATOR MODE - If this bit is reset, TRKCS will be set on 


alternate track crossings. If it is set, TRKCS will be set on every track 
_ crossing. (CSMOD is read/write). 


ACCELERATION INPUT CONTROL - When this bit is set, the FV3 and FV2 

inputs are connected internally. This allows motor current feedback to be 
switched in and out of the velocity OP under microprocessor control. 
(ACCIN is read/write). 


ERROR VOLTAGE SIGN - This bit is set when: 

EOUT-VREF <0 | 

and reset otherwise. It is used to determine the sign of the offset voltage 
during calibration. (ERSGN is read only.) 





OFFSET  Address6 Read/Write 


OFFSET VOLTAGE REGISTER - The 8-bit value in 1 this register drives the offset DAC which adds a 
correcting voltage to the position error signal. 


t | name | vescrierion 


NOSO-NOS6 | OFFSET MAGNITUDE | a A 
| sos _—+|ss*OFFSETSIGN | . _ 


The offset correction voltage, VOS, is given by: 


VOS = - 0.89 (NOS) V , SOS=0 
127 


0.89 (NOS) V , SOS=1 





RESET Address 7 Write only 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 


(Maximum limits indicate where permanent device damage occurs. Continous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 


PARAMETER CONDITIONS Main 
fo 


Voltage on any pin eee ee 
Solder Temp. 10 sec duration Le ed 


Storage Temp. 
RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 


throughout this document.) 


we [wax] owns 
| ta | 
bee 
Ee 


260 
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BE 
Oo 
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>) 
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p45 | | s. 
ps1 | sa | 5. 
ood 


DC CHARACTERISTICS 


IVP Total VPA and VPD current 
IDD VDD current 


_  IREF  VREF current 


DIGITAL VO 


pv cto fl | 
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Open Drain Digital Outputs (INT, OFFTRK) 
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MICROPROCESSOR INTERFACE TIMING (see figure 4(a) and figure 4(b)). (Timing measurements for 
digital signals are measured at 1.3V, unless otherwise noted.) 


PARAMETER CONDITIONS co Typ | MAX | UNITS 


TLHLL ALE pulse width 
TAVLL Address setup time 
TLLAX Address hold time 
TRLVD RD to data valid | 
TRHDX data hold time after RD 


TRLRH RD pulse width 
TLLWL ALE to RD or WR 


=r 
ASS 
Ol 
a j 


TRLCL RDorWRtoCS low 
TRHCH RD or WR to GS high 
TWLWH_ WR pulse width 
TQVWH data set up to WR high 
TWHQX data hold after WR high 


a 
.¢7] 


ANALOG I/O 








_ Input resistance 
a 


N,Q Timing eS figure 5) 


TSKW SYNC skew oral 
FRFMT=1 
| 180_ 





—_ 
on 







Go 
NO 






it 
N 


TSYNC SYNC pulse width 

Ne VCO/SYNC | 
frequency ratio 

aR | 

| TADH NorQanaloghoidtime [ 
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TLLWL 


ae = 
pt 7 


FIGURE 4(a): Read Cycle Timing 





TAVLL TLLAX 


( ADDRESS ) q DATA y 


TOVWH TWHQX 





FIGURE 4(b): Write Cycle Timing 


ANALOG DATA VALID 





FIGURE 5: Analog Timing 
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ANALOG I/O (Continued) 


PARAMETER CONDITIONS | MIN | 


[Imputresistance | Aboutvner too fT ka 
pf eo |e 
nel 


















ee ce 


Offset voltage 


| Analog Outputs : . 


a 
| Outputimpedance | Wo-vrericav =| | | | 
5 | | | ka | 

io 

— 

a 


auch, 





ae 
| Resistive loading About VREF | | KO 
Capacitive loading DF 
~ Output swing (FP1, FV1) About VREF | a ae 
Output swing (FP3, FV4) About VREF Pty 
Output swing (EOUT) About VREF , es V 
Gain (FP1 from N or Q) ee ee 
Gain (Amplifier A1, A3) Open loop DC gain | |B 


p66 | 
[or | | ot | 
(Amplifier A2) 
































Gain (Amplifier A2) 
Open loop 


Unity gain bandwidth 
(Amplifier A1, AS) 





Open loop 


WINDOW COMPARATOR 
PARAMETER CONDITIONS /min | TYP | 










FILL GAIN 


PARAMETER CONDITIONS MAX 


NFG=16 so | so | 60 | mv _ 
| Gainstepsze a 
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VELOCITY GAIN 


PARAMETER 











CONDITIONS | MIN 


Maximum gain NVG=15 4 | 4.02 | V/V 


TARGET VELOCITY DAC 









PARAMETER 


Offset Match TARGET=0 VELPOL-O, 1 Ff 20 mv 


OFFSET CORRECTION DAC 







Full scale/VREF 








DIFFERENTIATOR 


PARAMETER CONDITIONS co TYP | MAX UNITS 
poh pace gain [— Ptar Pras [aaa | ww 


Corner frequency FSYNC = 500 KHz La 
= 4 
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APPLICATIONS INFORMATION 


In the example shown in figure 7, the SSI 32H568 is 
used with its companion devices, the SSI 32H567 and 
SSI32H569, as well as a microprocessor and some ex- 
ternal components, to implement a complete head po- 
sitioning system. © 


Position Reference 


The position feedback signal for the servo loop is 
generated by a servo demodulator from information 
prerecorded on the disk drive’s servo surface. The 
SSI 32H567 provides quadrature position signals (N 
and Q), recovered clocks (SYNC and VCO) and an 
analog reference level (VREF) for the rest of the 
system. The SSI 32H567 translates the radial dis- 
placement of the servo read head to a voltage with a 


INPUT FROM _ 
SERVO DEMODULATOR (V) 


VREF +2 


——VREF +3 
POSITION 
ERROR 
SIGNAL 
AT FPI(V) 


VREF — 


N>Q (NQ), | | 


N>-Q (NQ)! 


gain of 2 volts/track. The SSI 32H568 has a front end 


gain of 3, so the gain from actual position error to the 


TRACK N_ ! TRACK N+1 ! TRACK N+2 | TRACK N+3 
{ | 


voltage at pin FP1 (the input to the position loop filter) 
is 6 volts/track. 


In order to produce the position error signal illustrated 
in figure 6, the position processor in the SSI 32H568 
selects either N, Q or an inverted signal, based on the 
value of the digital signals NQ and NQ. The resulting 
error signal is zero (equal to VREF) when the head is 
perfectly centered on atrack. The error signal has a 
maximum absolute value in the vicinity of a track 
boundary (ie. whenthe headis displaced one half track 
from a track center) and has a polarity that indicates 
the direction of the position error. | 


RADIAL 
DISPLACEMENT ~ 


RADIAL 
DISPLACEMENT 


I 
| Bune sce 
\— a, REGISTER ACCESS 


TRACK, 
CROSSING| | | | | | | | 
(CSMOD=0) 





FIGURE 6: Position Signal Waveforms 
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Cayp : +12VTO 
SPINDLE 
MOTOR 


mez L] 


CS = RBIAS 
RDB AGND 


POSITION 
LOOP FILTER 


WR 
ais 
| ee 





Q3 










Rea | at 
+5V VOICE COIL 
MOTOR es 
Q2 
VELOCITY v 
PREAMPLIFIER INTEGRATOR 
0.1 # F. 
senvo OTR F VELOCITY 
READ HEAD LOOP FILTER 
Cvco 
+12V FV2 
 Cpyp FV3 +5V 
SSI 32H568 ERR 
: ReRK 
FV1 } | SSi32Hs69 
TO SPINDLE MOTOR 
a Cw| ssis2Hse7 | EOUT Ena Be BRAKING TRANSISTOR 
LOOP COMPENSATION 
‘AGND , ERR + 
RVCO VREF | VREF 
SERVO SERVO | SERVO 
- DEMODULATOR f : CONTROLLER MOTOR DRIVER 


Cpyp 


v 


Figure 7: Complete Example Of Servo Path Electronics Using SSI 32H567/568/569 Chip Set 
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Servo Motor and Driver 


For the purposes of illustration, the following simple 
model for the servo motor in figure 7 is assumed. 


JO . dw 
=——e—— e=K_ *w 
mM K, dt : 
Definition of terms: 
im Armature current (A) 
Ww Motor speed (rad/s) 
J@ Rotor moment of inertia (kg » m7?) 
Km Torque constant (N - m/A) 
e Motor back EMF (V) 
Lm Winding inductance (H) 
Rm_ Winding resistance (Ohm) 
Ke Motor voltage constant V/rad/s 
Numerically Ke and Km are equal 


Under the assumption that the electrical and mechani- 
cal poles of the motor above are widely separated (Rm/ 
Lm >> J6 * Rmv/Km*), the servo driver loop compensa- 
tion Components, RL2 and CL3, may be chosen to 
cancel the effect of Lm, as follows: 


Csr OO NS Rie 
2nRr (Rm+Rs)BW Ci3(Rm+Rs) 


where BW is the desired servo driver open loop band- 
width (Hz). This results in the following relationship 
between motor current (im) and error voltage at the 
servo controller output (EOUT). | 
M_(s)= i: 
EOUT 








4 Rin Rs 4 + 
2nBW 


This simple first order approximation of the servo motor 
behaviour neglects effects such as resonance due to 
the motor inductance, Lm, or the pole due to servo 
driver transconductance. However, it is sufficient to 
illustrate the design goals for the velocity and position 
loop filters that are required with the SSI 32H568. A 
more detailed description of the SSI 32H569 may be 
found in the SSI 32H569 data sheet. 


TRACK MODE 


Loop Compensation 


Track mode is engaged when the head has reached its 
destination and the current position must be main- 


4-60 


tained. The control objective is to drive the position 
error signal at FP1 to zero and minimize excursions of 
the head due to noise and other perturbations of the 
system. The transfer function of the complete servo 
loop in track mode is shown in figure 8(a), using the 
servo motor model derived above. The gain G1 is the 
combined effect of the SSI 32H567 and the front end 
gain of the SSI 32H568, and has a nominal value of 6 
volts/track. The gain G2 is a property of the head 
transport system, and has units of tracks/radian for 
rotary servo motors and tracks/meter for linear motors. 
(The nomenclature chosen for the motor model is that 
of rotary motors but the results are applicable to linear 
motors as well, if appropriate units are substituted). To 
ensure that the control loop has negative feedback, 
positive motor current (as indicated in figure 7) must 
result in negative motor acceleration. This inversion is 
accomplished in the prerecorded servo pattern and is 
accounted for in the transfer function by showing G2 to 
be negative. | 


Since the servo driver/motor combination has a double 
pole at the origin and an additional real pole at fre- 
quency BW (which is selectable with external compo- 
nents in the SSI 32H569), the position loop filter is 
essential to ensure a stable system. The effect of the 
position filter used in this example is to provide lag-lead 
compensation. Systems of this type are usually de- 
signed by trial and error, but a further simplification of 
the transfer function may be made to obtain an initial 


solution. If the pole at BW is ignored, RP4 is removed 


and RP2 made large (RP2is necessary to provide a DC 
path for leakage current at pin FP2) then the system 
illustrated in figure 8(b) is obtained. The compensation 
has been reduced to lead compensation only. If the 
following quantities are defined: | 


GGc R. Yk 
a 1727 Pi F m -2 


P2 
PM = Desired closed loop phase margin (degrees) 

FB = Desired open loop unity gain bandwidth (rad/s) 
then appropriate values for the time constants of the 


lead compensation circuit (T1, T2) may be chosen 
using the following relationships, assuming 1/T2 << FB 


<< 1/T1: 


FB = Gtote T,(rad/s ) 


PM =90 -arctan(FB ¢T, ) (degrees) 
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The values for T1 and T2 thus chosen form a starting 
point for the selection of appropriate values for the 
more complex lag-lead compensator required by the 
real system. 


Position Loop Filter Initialization 


Switch $1, which is controlled by the DUMP bit in the 
WINDOW register, may be used to short out the 
external feedback capacitor CP2, discharging it. S1 is 
usually closed during seek a operation, so that when 
the system is switched to track mode no sudden 
transients occur due to charge stored on CP2. Distur- 
bances to the position signal when the system is 
switching to track mode can greatly extend the disk 
drive’s access time, since the system response is 


DESIRED 
TRACK (= 0) 


SSI 32H567/568 
INPUT 


. __ Rp, : 1+aT, S 
| Rpo | 
HEAD 
POSITION 
(TRACKS) 


POSITION LOOP FILTER 
7 1+ To S) R F 1 
1+T, S t+bT,8| | 
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much slower in this mode. 


Offset Cancellation 


The position error path in the servo loop is DC coupled 
and can be affected by offset voltages internal to the 
SSI 32H568, especially during a transition from seek 
to track mode. The following procedure may be used to 
cancel out any offsets in the position error path: 


1) Set T/S. (Enter track mode). 

2) Set both the CAL and DUMP bits. (This switches 
the N and Q inputs to VREF and shorts out CP2). 

3) Set NOS=0. (This sets the offset DAC magnitude 
to zero). 

4) Copy the ERSGN bit to SOS. (If the offset causes 
EOUT to be negative, then it is necessary to make 


SSI 32H569 AND SERVO MOTOR 


{ oe 
S + on BW 


ROTOR POSITION 


HEAD TRANSPORT 
MECHANICS 





MOTOR DYNAMICS 


FIGURE 8(a): System Transfer Function In Track Mode 


DESIRED 
TRACK 


eels 
Capp 





FIGURE 8(b): Simplified Track Mode Transfer Function 
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the input of inverting amplifier A1 more negative, 
and vice versa). 

5) Increase NOS in steps of one LSB until ERSGN 
changes sign. At this point the position error offset 
will have been cancelled to the greater! extent 
possible. 

6) Clearboth DUMP and CAL to resume normal track 
mode operation. 


On Track Window 


The on track window comparator may be used to 
monitor the positioning accuracy of the head. The 
position error voltage at pin FP1 is compared to a signal 
selected by the bits NW0-2 in the WINDOW register. 
The ONTRK bit in register STATUS is set if the position 
error is within ihe specified limits and cleared if it is 
outside the limits (in either the positive or the negative 
direction). The programmable excursion limits (ex- 
pressed as a percentage of a track) range from 2.8% to 
22.5% in 8 equal steps. By monitoring the ONTRK bit, 
the microprocessor can determine when the head has 
settled sufficiently for read and write operations to 
commence. The ONTRK bit may also be used to 
decide when it is appropriate to switch from seek to 
track mode at the end of a period of decceleration. 


SEEK MODE 


Velocity Profile 


The velocity profile that results in the shortest seek 
time, subject to motor current and head velocity limita- 
tions, is as follows: 

1) Maximum acceleration (maximum motor current) 
until the half-way point or maximum velocity is 
reached. 

2) Constant velocity motion until it is time to com- 
mence decceleration (if maximum velocity was 
reached). 

3) Maximum decceleration until head comes to rest 
over the destination track. The decceleration pe- 
riod is of approximately the same duration as the 
acceleration period. 


The microprocessor computes a velocity profile ac- 
cording to the rules above, based on the current head 
location and destination track. During the final ap- 
proach to the destination track, updates to the velocity 
DAC become more infrequent since the track crossing 
rate is approaching zero. The fill signal which is derived 
fromthe position error can be used to provide a smooth 
target velocity profile between track crossing updates. 
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Figure 9 shows a Set of typical waveforms as the head 
approaches the destination track. The fill gain is ad- 
justed at each track crossing so that the fill signal 
interpolates smoothly between target DAC settings. In 
the destination track, where the target DAC output is 
zero, the fill signal is especially important, since it 
becomes zero only when the head is centered on the 
track. The velocity control loop thus causes the head to 
come to rest at the center of the destination track. 


Loop Compensation 
The transfer function for the controller electronics of 


figure 7 is shown in figure 10(a). This transfer function 
may be simplified as shown in sik 10(b), under the 


following conditions: 2 (GGG Go} } (KmPx} 
Oo >>——— 

JO Ry3 

JO aRys3 


PMs MEE GalKn Fa) 

where Rx is Rv1i (ACCIN=0) or Rv1//Rv2 (ACCIN=1) 
The value of w, the corner frequency of the internal 
position differentiator, is dependent on the sync rate, 
but the above condition is generally satisfied by most 
systems. The condition on RV4 and CV1 sets the 
position of the zero due to the external components in 
the velocity loop filter, whose function is described 


_ below. The resulting system has two real poles, one 


of which is at the origin, and is thus eneonelenany 
stable. , 


The position of the SSI 32H568 internal differentiator 
pole is selectable under microprocessor control. It is 
desireable to select as low a frequency as is consistent 
with the required seek performance. This pole pre- 
vents the differentiator from amplifiying high frequency 
noise. In order to provide feedback of a velocity signal 
for frequencies above the differentiator pole, the exter- 
nal velocity loop filter is configured to act as an integra- 
tor which integrates the motor current sense output of 
the SSI 32H569, SOUT. Since SOUT is proportional to 


motor acceleration, this integration produces a signal 


proportional to velocity. Thus, at low frequencies the 
velocity feedback is generated by differentiating the 
position error signal and at high frequencies, the veloc- 
ity term results from integrating motor current. Itis more 
accurate to estimate velocity from a direct observation 
of head position, but at higher frequencies it is neces- 
sary to provide increased noise immunity. The system 
described above balances these two considerations. 
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| FIGURE 9: Typical Waveforms During Final Deceleration Mode 
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SSI 32H569 AND MOTOR 


Vy 


(VELOCITY 
TARGET 
VOLTAGE) 


. MOTOR 
VELOCITY LOOP FILTER DIFFERENTIATOR DYNAMICS 





R 
ws ACCIN =0 


Rx -{ Rv 


FIGURE 10(a): Transfer Functions of SSI 32H568 in Seek Mode 





FIGURE 10(b): Simplified Transfer Function of SSI 32H568 in Seek Mode 
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FIGURE 11: Bode Plot of Simplified Track Mode FIGURE 12: Bode Plot of Simplified Seek Mode 
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PACKAGE PIN DESIGNATIONS : 





(TOP VIEW) 
FV4 - VPA 
FV3 VPD 
FV2 ‘CLOCK 
FV1 SYNC 
FV1 
EOUT ADO 
NIC 
FP3 AD1 
oe i EOUT 
FP2 AD2 
FP3 
FP1 AD3 FP4 
Q AD4 FP2 
N ADS FP1 
RBIAS AD6 Q 
VREF AD7 N 
‘ iis INT | RBIAS 
a VREF 
ee VDD 18 19 20 21 22 23 24 25 26 
ALE DGND 92:2 (8 4@ ££ g a a 
3 < a § 
RO WR < a 
32-Pin DIP 7 | 44-Pin PLCC 





ORDERING INFORMATION | 


SSI 32H568, Servo Controller 


32-Pin DIP SSI 32H568-CP. 32H568-CP 
| 44-Pin PLCC dL $1 32H568-CH | | -- 32H568-CH 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any pete: patent rights or trademarks of SSi. SSi reserves the pone to make changes 
~ in specifications at t any time withour notice. 
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DESCRIPTION 


The SSI 32H569 Servo Motor Driveris a bipolar device 
intended for use in Winchester disk drive head posi- 
tioning systems employing linear or rotary voice coil 
motors. When used in conjunction with a position 
controller, such as the SSI 32H568 Servo Controller, 
and a position reference, such as the SSI 32H567 
Servo Demodulator, the device allows the construction 
of a high performance, dedicated surface head posi- 
tioning system. 


The SSI 32H569 serves as a transconductance ampli- 
fier by driving 4 MOSFETs in an H-bridge configura- 
tion, performs motor current sensing and limits motor 
current and velocity. In its linear tracking mode, class 
B operation is guaranteed by crossover protection cir- 
cuitry, which ensures that only one MOSFET in each 
leg of the H-bridge is active. The MOSFET drivers are 
disabled when motor velocity or current exceed exter- 
nally programmable limits. In addition, automatic head 
retraction and spindle braking may be initiated by a low 


voltage condition or upon external command. 
(Continued) 


SSI 32H569 


Servo Motor Driver 


June, 1989 
FEATURES 


e Predriver for linear and rotary voice coil mo- 
tors 


e¢ Interfaces directly to MOSFET H-Bridge motor 
driver 


¢ Class B linear mode and constant velocity 
retract mode 


¢ Precision differential amplifier for motor cur- 
rent sensing 


e Motor current and velocity limiting circuitry 


¢ Automatic head retract and spindle braking 
signal on power failure 


e External digital enable 
¢ Servo loop parameters programmed with ex- 
ternal components 


¢ Advanced bipolar IC requires under 240 mW 
from 12V supply 


¢ Available in 20-pin DIP or SO packaging 





BLOCK DIAGRAM 


ACCELERATION 
(CURRENT SENSE) 


LOOP 
COMPENSATION 
AMPLIFIER 


voc = LOWV EN 


4-67 





CROSS OVER | 
Beet 


GND 





SSI 32H569 — 
Servo Motor Driver 


DESCRIPTION (Continued) 


The SSI 32H569 is implemented in an advanced bipo- 
lar process and dissipates less than 240 mW from a 
12V supply. The IC is available in 20- ak DIP and 
20-pin SO packaging. 


FUNCTIONAL DESCRIPTION 
(Refer to block diagram and typical application Fig.2) 


The SSI 32H569 has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal EN is false. 
Otherwise the device operates in linear mode. 


During linear operation, an acceleration signal fromthe 
servo controller is applied through amplifier A1, whose 
three connections are all available externally. RC 
components may be useéd to provide loop compensa- 
tion at this stage. The ERR signal drives two precision 
amplifiers, each with a gain of 8.5. The first of these 
amplifiers is inverting, and is formed from opamp A4, 
an on-chip resistor divider and an off-chip complemen- 
tary MOSFET pair. The secondis non-inverting, andis 
formed in a similar manner from opamp A5. Feedback 
from the MOSFET drains, on sense inputs SE1 and 
SE3, allows the amplifiers gains to be established 


precisely. The voice coil motor and a series current — 


sense resistor are connected between SE1 and SES. 


actual motor acceleration. If SOUT is integrated, using 
opamp A3 and an external RC network, the resulting 
signal, VEL, is proportional to the motor velocity. 


Both SOUT and VEL are connected to window com- 
parators, which are used to detect excessive motor 
current or velocity. The comparator outputs disable the 
MOSFET drivers until the motor comes within limits 
again. The VLIM pin may be used to program the 
voltage limits for the window comparators. The maxi- 
mum voltage excursion allowed about VREF is (VREF- 
VLIM). An on-chip resistor divider sets a default value 
for VLIM and if VLIM is connected to ground, the 
windowing is effectively disabled. | 


The SSI 32H569 has low voltage monitor circuitry that 
will detect a loss of voltage on the VREF, VCC or 
LOWV pins. The power supply pin, VCC, should be 
connected to the disk drive’s spindle motor so that its 


_ stored rotational energy may be used to hold up VCC 


briefly during a power failure. LOWV is used to detect 
a system power supply failure. When a low voltage 
conditionis detected, the MOSFET drivers switch from 
linear operation to retract mode. In this mode a con- 
stant voltage is applied across the motor which will 


cause the heads to move at a constant speed. A 


Crossover protection circuitry between the outputs of 


A4 and A5, and the external MOSFETs, ensures class 
B operation by allowing only one MOSFET in each leg 
of the H-bridge to be in conduction. The crossover 
separation threshold, illustrated in Figure 5, is the 
maximum drive on any MOSFET gate when the motor 


voltage changes sign. The crossover circuitry can also. 


disable all MOSFETS simultaneously (to limit motor 
current or velocity) or apply a constant voltage across 
the motor (to retract the heads at a constant velocity). 


Motor current is sensed by a small resistor placed in 
series with the motor. The voltage drop across this 
resistor is amplified by a differential amplifier with a 
gain of 4 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting voltage, SOUT, is 


proportional to motor current, and hence acceleration. 


This signal is externally fed back to A1, so that the 
signal ERR represents the difference between the 
desired acceleration (fromthe servo controller) and the 
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mechanical stop must be provided for the heads when 
they reach a safe location. The current limiting circuitry 


will disable the MOSFET drivers when motor current 


increases due to loss of the velocity-induced back 
EMF. An open collector output, BRK, which is active 
while the device is in retract mode, is provided for 
spindle motor braking. An external RC delay may be 
used to defer braking until the heads are retracted. For 
proper operation of the SSI 32H569, a pullup resistor 
on BRK is required even if the BRK output is not used. 


An example of an entire servo path implemented with 
the SSI 32H569 and its companion devices, the 
SSI 32H567 and 32H568, is shown in Figure10. 
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FIGURE 2: Typical Application 
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PIN DESCRIPTION 


TYPE DESCRIPTION 


POSITIVE SUPPLY - 12V power supply. Usually taken from spindle motor 
supply. Spindle motor stored energy permits head retraction during power 
failure. If VCC falls below 9V, a forced head retraction occurs. 


LOW VOLTAGE - System 12V supply. If this input falls below 9V, a forced 
head retraction occurs. | 

REFERENCE VOLTAGE - 5.4V input. All analog signals are referenced 
to this voltage. If VREF falls below 4.3V, a forced head retraction occurs. 














GROUND 


TYPE DESCRIPTION | 










POSITION ERROR: Loop compensation amplifier output. This signal is 
amplified by the MOSFET drivers and applied to the motor by an external 
MOSFET H-bridge, as follows: 

SE3-SE1 = 17(ERR-VREF) 


POSITION ERROR INVERTING INPUT - Inverting input to the loop 
compensation amplifier. 


POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the 
loop compensation amplifier. 


MOTOR CURRENT SENSE OUTPUT - This output provides a voltage 
proportional to the voltage drop across the external current sense resistor, 
as follows: 
















SOUT-VREF=4(SE2-SE1) 


VELOCITY INVERTING INPUT - Inverting input to the velocity integrating 
amplifier. The non-inverting input is connected internally to VREF. 


VELOCITY OUTPUT - Output of the velocity integration amplifier. This 
signal is internally applied to a window comparator whose output limits 
motor drive current when the voltage at VEL exceeds a set limit. 


BRAKE OUTPUT - Active high, open collector output which may be used 
to enable an external spindle motor braking transistor upon power failure 
or deassertion of EN. 7 


LIMITING VOLTAGE - The voltage at this pin sets motor current and 
velocity limits. Limiting occurs when: 


|SOUT-VREF|>VREF-VLIM 
or —_ |VEL-VREF|>VREF-VLIM. 


An internal resistor divider establishes a default value that may be 
externally adjusted. 
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CONTROL (Continued) 


MOTOR CURRENT SENSE INPUT - Non-inverting input to the current 
sense differential amplifier. It should be connected to one side of an 
external current sensing resistor in series with the motor. The inverting 
input of the differential amplifier is connected internally to SE1. 


ENABLE - Active high TTL compatible input enables linear tracking mode. 
A low level will initiate a forced head retract. 





MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
non-inverting MOSFET driver amplifier. It is connected to one side of the 
motor. The gain to this point is: 


SE3-VREF = 8.5(ERR-VREF) oo. 


P-FET DRIVE (NON-INVERTING) - Drive signal fora P channel MOSFET 
connected between one side of the motor and VCC. This MOSFET drain 
is connected to SE3. 


N-FET DRIVE (NON-INVERTING) - Drive signal foranN channel MOSFET 
connected between one side of the motor and GND. This MOSFET drain 
is connected to SE3. Crossover protection circuitry ensures that the P and 
N channel devices driven by OUTC and OUTD are never enabled 
simultaneously. 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
inverting MOSFET driver amplifier. It is connected to the current sensing 
resistor which is in series with the motor. The gain to this point is: 


SE1-VREF = -8.5(ERR-VREF) 


This input is internally connected to the current sense differential amplifier 
inverting input. 
N-FET DRIVE (INVERTING) - Drive signal for an N channel MOSFET 


connected between the current sense resistor and GND. This MOSFET 
drain is also connected to SE1. 


P-FET DRIVE (INVERTING) - Drive signal for a P channel MOSFET 
connected between the current sense resistor and VCC. This MOSFET 
drain is also connected to SE1. Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never 
enabled simultaneously. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 


| PARAMETER | CONDITIONS 


VREF | 
SE1, SE2, SE3 




















| All other pins | 


Storage temperature — 


Soider temperature 10 sec duration ? 





RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 


throughout this document.) 
PARAMETER ~ CONDITIONS 
Normal Mode 


VCC 
Retract Mode 











DC CHARACTERISTICS 


OO, veCeurent | 
oe ae ae 


A1, LOOP COMPENSATION AMPLIFIER 7 


input bias current ee 





Input offset voltage 
| Voltage swing | About VREF ae 


aan 
oa ae 
ae ee 
[commen mode range | Aboutvacr | st | 
p00 foe 
cain 
Funiy gainbanawah Sf SSSSC~sSC 
fowen—SSSC*d OeSSSSSCi Cm] 
pera zoe | | 
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A2, CURRENT SENSE AMPLIFIER 


PARAMETER CONDITIONS 


SE1 to SE2 


To VREF 





Load Capacitance 
Output impedance f<40 KHz 


Gain (SOUTVRERISELSEH | 


Unity gain bandwidth 
f<20 KHz 
f<20 KHz 





bate! 
hee 
| 60 
[coronene | 
cee ee ee 
ea: ee 

VREF-4| 





To VREF 





WINDOW COMPARATORS AND LIMITING 

PARAMETER CONDITIONS 

Window comparator threshold a. 

(SOUT-VREF or VEL-VREF) VREF-VLIM V 


PNoenemaipars __[vnera] _|meraa] Vv 


Ei 
ted 
| RB, internal feedback resistor | 80 
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POWER SUPPLY MONITOR 


PARAMETER | CONDITIONS =~ | | owin | TYP | 
VCC fall threshold ee 28 
LOWV fail threshold Lowy] < 0.5 mA he 9.8 





yards WOW,VeG) fT 


| Hysteresis (VREF) a re ee 
EN input low voltage INL < 0.5 mA | 0.8 Pot 
EN input high voltage IIH] < 40 uA | Loe 


BRK voltage normal mode, |IOL| <1 mA 


BRK ieakage current retract mode Pe at 10 pA 


BRK delay (from power fail or 
EN false to BRK floating) 


MOSFET DRIVERS 


PARAMETER | CONDITIONS 
SE3 Input impedance To VREF 


OUTA, OUTC 
voltage swing {loj<1 mA 
OUTB, OUTD 
voltage swing |loj<1 mA 
Cl<1000 pF 
| Crossover time 
| Output impedance (OUTA,B,C,D) 


| VTH, 
300 mV stepatERR | 
| Transconductance . 
(OUTA,B,C,D)/(ERR-VREF) 
Gain (-(SE1-VREF)/(ERR-VREF) 
or (SE3-VREF)/(ERR-VREF) ) 


Crossover separation threshold 
Offset current Rs = 0.2Q, RF = Rin, 


Vin=VREF 




















Slew rate 
(OUTA, OUTB, OUTC, OUTD) 














Retract motor voltage 
(SE1-SE3) 
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APPLICATIONS INFORMATION 


A typical SSI 32H569 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. Figure 3 shows the 
equivalent circuit and equations for the DC motor used 
in the following derivations. While the nomenclature 
chosen is for a rotating motor, the results are equally 
applicable to linear motors. 


MOTOR CURRENT SENSE AND LIMITING 


The series resistor which senses motor current, Rs, is 
chosen to be small compared to the resistance of the 
motor, Rm. A value of Rs = 0.2Q is typical in disk drive 
applications. The window comparator threshold, pro- 
grammed by VLIM, must be chosen to cause limiting 
when the motor current reaches its maximum permis- 
sible value. If iIMAX is the maximum motor current in 
Amps, then this value may be chosen as follows: 


VLIM = VREF -4 « R,* iMAX (V) 


VLIM may be set with a resistor divider whose thevenin 
resistance is substantially less than the output resis- 
tance of the VLIM pin (50 KQ). The window compara- 
tors have hysteresis (typically 50% of their threshold, 
VREF-VLIM) to prevent multiple triggerings of the 
driver disable signal. 


VELOCITY LIMITING 


The values of Rv and Cv in the velocity integrator are 
chosen to produce a voltage excursion of VREF-VLIM, 
when the motor speed is at its maximum permissible 
value. Rv must be large enough to prevent overloading 
of opamp A2. The following equation ignores the effect 
of Rs, the internal resistor between VEL and VEL- 
which prevents saturation of A3 due to offsets. For the 
motor in Figure 3, with maximum velocity @MAX 
(rad/s) these components may be chosen as follows: 


Ry// Re > 4KQ ( A2 output loading restriction ) 


4R,° JO * wMAX 


Oi 
(VREF-VLIM) © Ry: Kp, 


(F) 


L 
ZM =(R,+Rm)(1+S—— 
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LOOP COMPENSATION 


The transfer function of the SSI 32H569 in the applica- 
tion of Figure 2 is shown in figure 4(a). If the zero due 
to Rt and C1 inthe loop compensation circuit is chosen 
to cancel the pole due to the motor inductance, Lm, 
then the transfer function can be simplified as shownin 
figure 4(b), underthe assumption that this pole andthe 
pole due to the motor mechanical response are widely 
separated. C. may then be chosen to set the desired 
open loop unity gain bandwidth. 
C= 68 * Rs where BW is the 
2°em*Ree(R_v+R,)* BW unity gain open 
| loop bandwidth 
= ee 
Cie (Rm+Rs) 
The closed loop response of the servo driver and motor 
combination, using the component values and simpli- 
fying assumptions given above, is given by: 


Re 1 


ors Diep ee ) 
2°n* BW 
(This analysis neglects the pole due to the output 
impedance of the MOSFET drivers and the MOSFET 
gate capacitance, an effect that may be significant in 
some systems). 





Im 1 
enw S:) = - 
Vin Rin 


RF is chosen to be sufficiently large to avoid overload- 
ing A2 (RF//Rv > 4KQ). The input resistor, Rin, sets the 
conversion factor from servo controller output voltage 
to servo motor current. Rin is chosen such that the 
servo controller internal voltages are scaled conven- 
iently. The resistor Ros is optional and cancels out the 
effect of the input bias current of A1. 


he = Rin // Re 


The external components Ro and Co have no effect on 
the motor dynamics, but may be used to improve the 
stability of the MOSFET drivers. The load represented 
by the motor, ZM, is given by: 


At frequencies above (Rs+Rm)/(2 « 2 * Lm) Hz, this load 


Km? 


01 eee 
s°J0°(R,+R,,) 


)(Q) 





R.+Rp, 
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becomes entirely inductive, which is undesireable. Ro 


and Cp may be used to add some parallel resistive 
loading at these frequencies. ; : 


H-BRIDGE MOSFETS 


The MOSFETs chosen for the H-bridge should have 
gate capacitances in the range of 500-1000 pF. The 
MOSFET input capacitance forms part of the compen- 
sation forthe MOSFET drivers, so values below 500 pF 
may cause some driver instability. Excessive input 
Capacitance will degrade the slew mode performance 
of the drivers. 


When the motor voltage is changing polarity, the cross- 
over protection circuits at outputs OUTA-OUTD ensure 
that the maximum MOSFET gaie drive is iess than 2V 
(the crossover separation threshold), as illustrated in 
Figure 5. The thresholds of the MOSFET devices cho- 
sen should be as large as possible to minimize conduc- 
tion in this region. If the device thresholds are signifi- 
cantly less than the crossover separation threshold, 
the N and P channel devices in each leg of the H-bridge 
will conduct simultaneously, causing unnecessary 
power dissipation. | 


POWER FAILURE OPERATION 


The power supply for the SSI 32H569, VCC, should be. 


taken from the system 12V supply through a schottky 
diode (maximum 0.5V drop at If = 3A) and connected 
to the disk drive spindle motor. If the system power 


fails, the IC will continue to operate asthe spindle motor 


becomes a generator. The SSI 32H569 will detect the 
power failure and cause a forced head retract, continu- 
ing to operate with VCC as low as 3.5V. The power fail 
mode willcommence if either VCC or LOWV falls below 
9V, or VREF falls below 4.3V, or ENis false. Hysteresis 
onthe low voltage thresholds prevents the device from 
oscillating between operating modes when the power 
supply is marginal: 

The BRK output, which is pulled low during norma 
operation, floats during a power failure. This sl 
external transistor to be enabled for spindle motor 
braking. An external RC delay may be added to defer 
braking until head retraction is complete, since the 
spindle motor is required to generate the supply volt- 
age during retraction. 


Armature current (A) 


Motor speed (rad/s) 


Moment of inertia of 
rotor (Kg. Me )o 


Torque constant (V.S:) 
Back E.M.F. (V) 
Winding inductance (H) 


Winding resistance (Q. ) 


Nomenclature used is for rotary motor 





FIGURE 3: Equivelant Circuit For Fixed Field DC Motor 
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LOOP COMPENSATION WINDING IMPEDANCE 


1 e 1 
aol *SC.Ri SE. —SE Lm 
B ’ (Rm +Rg )(1 +See —— ) 
m 


+Reg 


MECHANICAL RESPONSE 


CURRENT SENSE 





4R, Re 
Re 





FIGURE 4(A): Transfer Function Of SS! 32H569 
In Typical Application With Fixed Field DC Motor 


MECHANICAL RESPONSE LOOP COMPENSATION 
1 . 17° 
Km? SC, (Rs +R ) 
SJO (R, + Rm) 


CURRENT SENSE 





FIGURE 4(B): Simplified Transfer Function Of 
SSI 32H569 In DC Motor Application 
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MOSFET GATE DRIVE 


AA 


OPEN LOOP GAIN 


SLOPE 


/ 


(ERROR SIGNAL INPUT) 


ERR 


(CROSSOVER 
SEPARATION 0 
THRESHOLD) 


a 
Ww 
2 
a. 
x 
w 
> 
E 
Ww 
« 
oO 
2 
Ww 
2 
19) 
a 
: 
N 
a 
9 
= 





FIGURE 4(B): Simplified Transfer Function Of SSI 32H569 


In DC Motor Application 





FIGURE 7: RVLIM To VREF Typical Motor 
Current Limit 
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FIGURE 6: RVLIM To Ground Typical Motor 
Current Limi 
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ASSUMPTIONS: 

R, =0.22 

Re = 10K C, MF) 
Rm=32 

Lm = 600 pH 


= 10KQ 


= .6ibs/amp 
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BANDWIDTH 
(Hz) 





FIGURE 9: Typical Motor Velocity Limit 
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16 
MHz 


an 
RBIAS Cpyp 











a ae : 
LE ee 
y || 


PREAMPLIFIER 





Rp, VELOCITY. 
INTEGRATOR 


POSITION 
LOOP FILTER 
= Rpp 






H - BRIDGE 
MOTOR 





0.1, F 
Cc 
V 
Cc 
O1n F LD 
SERVO Ge . VELOCITY 
READ HEAD Fv4 LOOP FILTER 
aes Caac Ry 
vco Cpx Cy " 
v1 
+12V 
Cpp es . 
CayP Cap Re 
; ERR 
U7 Rit Cy NY RBRK 
Tw | Ri2 CL3 | ssi32Hs69 
TO SPINDLE MOTOR 
Rw Cw | SSI 32H567 C ERR- BRK BRAKING TRANSISTOR 
L2 LOOP COMPENSATION 
AGND ERR + 
RVCO VREF VREF 
~ SERVO SERVO 
DEMODULATOR MOTOR DRIVER 





Cgyp 


v 


FIGURE 10: Complete Example Of Servo Path Electronics Using The SSI 32H567/568/569 Chip Set 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) for a static sensitive component. 





ERR VCC 
ERR - LOWV 
ERR + EN 
VREF OUTA 
SOUT OUTB 

VEL - SE1 

VEL SE2 

BRK OUTD 

SE3 OUTC 
GND VLIM 





20-Pin SO, DIP 





ORDERING INFORMATION 


SSI 32H569, Servo Motor Driver 


20-Pin DIP SSI 32H569-CP 32H569-CP 
20-Pin SOL SSI 32H569-CL 32H569-CL 










No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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FEATURES 
¢ Head Positioning 
— Embedded servo control with digital timing generator and ABCD burst sampling 
— Hybrid servo features with N/Q interface and track counter 
— Quadrature peak detection with sample/hold and normalized conversion 
- 500 KHz 8-bit A/D and D/A convertors 
— Programmable sector period compatible with constant density recording 
— Index and sector generation from servo frame 


— Write protection of embedded servo frame 
¢ Spindle Motor Control 


- Hall sensor-less motor spin up 
~— 3-phase compatibility with Bipolar Delta, Y and Star motors 
- Adjustable commutation delay for optimum motor operation 


-~- Microprocessor speed, jammed rotor status 
e Internal registers and pP “motel” interface 
¢ Voltage fault protection 
¢ Low power, +5V only operation 


°¢ Available in 100-pin QFP package 


GENERAL DESCRIPTION 


The SSI 32H4630 combines the head positioning and spindle motor control electronics along with voltage fault 
protection and a flexible microprocessor interface into a high performance, low power, CMOS integrated circuit. 
The spindle motor controller utilizes a Hall sensor-less technique for motor commutation and provides precise 
motor speed regulation. Head positioning is accomplished with an embedded servo control system and a voice 
coil motor predriver. The voice coil motor can be controlled by the embedded servo system or by a hybrid system 
that utilizes the internal embedded servo control and an external dedicated servo demodulator like the 
SSI 32H567, all under microprocessor direction. The SSI 32H4630 is compatible with external bridge output 
structures and can be configured with high efficiency power FETs in order to maximize the power to the spindle 
and the voice coil motors. The 32H4630 requires only a +5 volt power supply, but is compatible with both +5V 
and +12V motor power drivers. The 32H4630 is available in a 100-pin QFP package. 


4-83 





SSI32H4630 _ 
Servo & Spindle 
Motor Controller 





BLOCK DIAGRAM 
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PIN DESCRIPTION 


This section describes the names of the pins, their symbols, their functions and their active states. The pins 
are grouped together into function for clarity. 


POWER SUPPLIES 


TYPE | DESCRIPTION | 
+5 volt supply for all analog Circuitry. 


ven 

veo = | sSweksppytoraldgialcrouty. 

send | = | AraogGeund SSCS 

pono | - | Ogio. —=SC=C=“‘=«t*”™S™S™S™™ 

veer | - | tence votag +2 wich is used ashe DG releerc lvl rth dove. 
= 


VRETRACT Head retract and motor brake predriver voltage source. 





MICROPROCESSOR INTERFACE 


Address/Data bus - 8-bit bus which carries register address information and 
bidirectional data. These pins are in the high impedance state when the chip is not 
selected by CS and RD. 


Address Latch Enable - Falling edge latches the register address from the AD7- 
ADO bus. 


ForINTEL-type microprocessors, active low strobe latching dataon AD7-ADO. For 
MOTOROLA-type microprocessors, read/write state line. 


For INTEL type microprocessors, active low strobe gating read data out onto AD7- 
ADO. For MOTOROLA-type microprocessors, provides a data strobe for data 
| Clocking. 


Chip Select - Active low signal enabling the device to respond to microprocessor 
register access. Qualifies read and write control lines. 


Interrupt providing an open drain output asserted by the device when an interrupt 
event enabled in the interrupt mask register occurs. Cleared when all pending 
interrupt sources are specifically serviced. 


Capacitor for reset timing providing both power on SYSRST delay and rejection 
against glitches falsely triggering a power-down cycle. 





0689 4-85 





SSI 32H4630 
Servo & Spindle 
Motor Controller 





GENERAL SUPPORT PINS 


TYPE | DESCRIPTION 7 | | So 


Externally generated master reset which is merged internally with the power reset 
logic. When asserted active low, resets all internal registers to default values and 
results in the assertion of SYSRST. 


Open drain active low output, generated by the internal reset and power sensing 
_ logic used to reset the microprocessor and other system chips. Asserted on active 
low RESET and on power up/down fault conditions. 


Current sink useful in providing a programmable write Current. 


System input clock from which the servo and spindle control timing is derived. The 
clock rate may range up to 10 MHz. An internal programmable prescaler divides 
SYSCLK from the spindle control reference. 


Supply fault comparator eu to monitor supply voltage throgh an external 
resistive divider. 


AGC Gain Hold - TTL compatible control signal active low while searching for the 


start of the servo frame and throughout the servo frame body. This signal serves 
to hold the AGC at a fixed value so that the DC erase GAP and position burst field 
amplitudes may be detected. 


TTL active high write gate signal asserted by the storage controller when writing 
data. This signal should not be active while the servo frame is being searched for 
or during. If so, a fault condition is generated. 


| WG_OUT TTL active high write gate signal guarded by the 32H4630. When searching for 
| “we 3 | or during the servo frame body, WG_OUT is unconditionally forced inactive low. 
Also, servo faults negate WG_OUT until the microprocessor services the fault 


EXT_DET ; External Detect - optional through programming, source for embedded servo 
| frame detection and synchronization. 
SRD+, SRD- ~ Servo Data- differential pair generated from the pulse detector providing one pulse 


for every flux transistion read. This i is an ECL like aig! compatible with the SSI | 
32P4620. | 


SER_IN Full wave rectified amplitude corresponding to the pulse amplitude read from the 
disk. Compatible with the SSI 32P4620. 


SER_REF Reference for SER_IN compatible with SSI 32P4620. 


This signalis compatible with write ampitiers. Mt provides guarded accidental write 
prevention down to 3.6V. 





4-86 So 0689 


0689 


SSI 32H4630 
Servo & Spindle 
Motor Controller 





EMBEDDED SERVO PINS (Continued) 


Tuam [vee] DESCRIPTION 


INDEXOUT Programmable pulse corresponding to the user-defined bit pattern for index within 
the digital field of the servo frame. Used to generate local index for both the storage 
controller and for synchronized spindle applications. Asserted at the end of the 

servo frame. : 















Derived from embedded servo frame. Asserted at the end of servo frame. 





SECTOR 


Le 
inital 
ce 












Quadrature position error signals - output difference of selectable burst field pairs. 
Useful for testing and evaluation. The same signal is normally digitized internally 
and read by the microprocessor to implement the track following loop. 


Sample and hold external control signals, used when the external timing generator 
is programmed with the timing bit. 

Peak detector discharge control signals used when external timing generator is 
programmed with the timing bit. 


Peak detector outputs useful for test purposes. 


SAMPLE 1-4 
DISCHARGE 
1-4 


BURST 1-4 





DEDICATED/HYBRID SERVO PINS 







Normal - Analog position signal from a dedicated servo demodulator. This input 
along with Q can be used to extract the position information from a dedicated servo 
surface. 











Quadrature - Analog signal similar to N above but quadrature with it. 


Asynchronization signal used to sample and hold the N and Q signals. The falling 
edge of this clock causes the N and Q analog signals to be sampled. Leaving the 
pin disconnected provides compatibility with continuous N Q demodulators which 
do not provide a SYNC signal. One SYNC per servo frame with a maximum frame 
rate of 500 KHz. 






























Track crossing strobe useful when implementing an external track counting 
scheme. For every track crossing (there are four for a full N period), an active going 
Strobe is asserted on this pin. | | 


TTL active low, latched output corresponding to each track crossing. May be 
programmed for every track or every other track. Cleared by reading status. 
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DEDICATED/HYBRID SERVO PINS (Continued) 


| sae TYPE | DESCRIPTION 


TTL sles Logical “1” when N > Q.. 
| ; ica et when N > @. 


Terminal count resulting from the internal crack crossing counter under flowing. 
This is useful in generating an interrupt associated with reaching the end of the 
seek slew and entry into the deceleration portion of the velocity profile. 


Dedicated position error signal which i is the output of the position processor. This. 
analog signal is useful for testing and evaluation. Pin normally is connected 
internally by the microprocessor. 


Output of DAC used by the micoorocessoric = error commands to the head 
actuator transconductance amplifier. __ | 


Error opamp non-inverting input. 
Error opamp inverting input. 


Error opamp output. 


Motor current sense output. This output provides a voltage proportional to the 
voltage drop across the external current sense resistor. 


SOUT 


SE1, SE3 _ Motor voltage sense inputs providing feedback for the linear class B predriver 


block. 


Motor sense current {input to internal opamp providing amplification of the current | 
sense before summing with the DAC. 


OUTA, OUTC PFET drive (inverting) - Drive signal foraP ch annel MOSFET connected between 
VDD and the voice coil motor. ‘Crossover circuitry prevents simultaneous 
conduction. | _— 


SE2 


NFET drive (noninverting) - me signal for an N channel MOSFET connected 
between the current sense resistor and the voice coil motor. 


OUTB, OUTD 


SWIN, SWOUT wee . Programmable analog switch used with internal resistors to set different seek & 
-. | track gains. 





4-88 0689 


SSI 32H4630 
Servo & Spindle 
Motor Controller 





MOTOR SPEED CONTROL PINS 
/NAME —_—«| TYPE | DESCRIPTION 
INDEXIN External index signal indicating revolution speed of motor. If the SOURCE bit is 


high, this INDEX signal will be used as feed back of motor speed. 
SENSE Coil current sense input. The input senses the coil current and limits the sense 
OUTUPA, B, C 


voltage to the specified threshold by limiting the voltage on the lower predriver 
OUTA, B, C 





































nae 


Upper predriver outputs. These three predrive outputs are used to activate 
external PFET power transistors. 


Lowerpredriver outputs. These three driver outputs drive external Bipolar or NFET 
power transistors to control the motor current sensed across resistor Re. The 
motor current is equal to the voltage at SENSE divided by Re. When the motor is 
at speed, the drive voltages are adjusted as necessary to maintain the proper | 
motor speed with a proper motor current. 


Back EMF sense voltage inputs which are connected directly (for a 5V motor) or 
through external resistors (for a 12V motor) to the three motor terminals. 


= Proportional channel output to be connected in series with an external proportional 











BEMFA, B, C 





gain setting resistor and summed at the IN pin. 


Integral channel output to be connectedin series with an external proportional gain 
setting resistor and summed at the IN pin. 


Timing RC network used to delay the actual motor commutation time from the back 
EMF derived commutation time. This optional delay may be used to optimize 
motor efficiency at the target speed. This pin may be left disconnected. 











Summing amplifier output pin intended to be connected in series with an external 
gain setting resistor to the IN pin. 





Input to the summing amplifier, connected through external resistors to the PROP, 
INTEG and OUT pins. 


Neutral or center tap connection used by the back EMF sense circuit. ForaSTAR 
configured motor, CT is connected directly to the center tap (through a resistor for 
a12V STAR motor). For DELTA or Y configured motors, three external resistors 
forming a DELTA to Y transformation network generate a neutral which is then’ 
connected directly to CT (through a resistor for a 12V motor). 


Active low input Causing dynamic braking of spindle motor. 












No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 





0689 489. ©1989 Silico n Systems, Inc. 
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Si P a Mr ie Servo Demodulator 
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DESCRIPTION sponse and sync separator threshold. Its high perform- 
ance analog/digital circuitry is capable of supporting 


The SSI 32H6210 Servo Demodulator is a bipolar de- Servo frame rates of up to 900 Kriz. 

vice intended for use in Winchester disk drives with 

dedicated surface head positioning systems. It proc- FEATURES 

esses a di-bit quadrature pattern read from the servo 7 ; ; 

surface by a preamplifier, such as the SSI32H1010r ° Servo signal demodulation for dedicated sur- 





SSI 32H116, and generates normal and quadrature (N face head positioning systems 

and Q) position reference signals. These signals pro- °* Supports industry standard di-bit quadrature 
vide the servo controller with position error feedback. A servo pattern with frame rates up to 500 KHz 
complete position control system can be realized with * N, Q outputs convey track crossing and posi- 
the SSI 32H6210 and its companion devices, the tion error information | 


SSI 32H6220 Servo Controller and SSI 32H6230 


Servo Motor Driver. ¢ Pulse area detection technique for superior 


noise immunity 


The SSI 32H6210 incorporates an input amplifier with ° PLL for timing recovery and synchronization 
automatic gain control and offset cancellation,aphase =e Adjustable sync separator threshold 

locked loop and sync separator to recover timing infor- ; =e 

mation, and pulse area detectors to recover the posi- 4° Auto-zeroing AGC input amplifier 

tion information embedded in a di-bit quadrature servo ¢ AGC reference level adjustment 

pattern. In addition, a bandgap voltage generator pro- _ 

vides an analog reference level for the entire servo ° Precision bandgap voltage reference output 
electronics path. External components are usedtoset © Advancedbipolar process dissipates less than 
the operating characteristics of the SS] 32H6210, such 850 mW (5V, 12V) 


as AGC response, VCO center frequency, PLL re- ¢ Available in 28-pin PLCC, DIP, SO packages 





BLOCK DIAGRAM 


AGND DGND VPA vec VREF (5.4V) 
a 
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SSI 32H6210 
servo Demodulator 


FUNCTIONAL DESCRIPTION 

(Refer to block diagram, and typical application, Fig.2) 
The SSI 32H6210 processes servo position 
information which is read from a dedicated surface by 
a pre-amplifier. The servo information must conform to 
the ‘di-bit quadrature’ pattern which is illustrated in 
Figure 4. Servo frames, consisting of data and sync 
pulses followed by four information pulses (A, B, C, D) 
are prerecorded along each track of the servo surface. 
Ailthe servo frames on an individual track are identical, 
but in the radial direction four different frame types are 
encountered, with every fourth track being identical. 
The N signal generated by the SSI 32H6210 is 
proportional to the difference in sizes of pulses A and 
B, while the Q signal is proportional to the difference 
between pulses C and D. When the read head is off 
track, the read signal is effectively a linear interpolation 
between the prerecorded information of two adjacent 
tracks, making it possible to sense the head 
displacement exactly. 


The SSI 32H6210 has a differential input amplifier 
which incorporates offset voltage cancellation and 
automatic gain control. An external read preamplifier 
must provide a differential input signal of 23 to 400 mV 
peak to peak from the servo read head. This signal is 
applied to a pulse area detector whose output is 
proportional to the area under the positive half of the 
input pulse. The external capacitor Cap integrates the 
incoming pulses while they are positive, and is dis- 
charged when they go negative. This area detection 
technique provides improved noise immunity over 
voltage detection. 


An AGC circuit adjusts the input gain so that the maxi- 
mum pulse area detector output is 2V peak. The AGC 





bandgap reference voltage. This level is available at 


the VREF output, which is capable of supplying 10 mA 
to the rest of the servo path electronics. 


Inastandard servo frame, the data and sync pulses are 
more closely spaced than the information pulses (A-D). 
This allows the sync detect circuit to recover the SYNC 
pulses. A threshold, which is defined as percentage of 
the peak signal at the output of the AGC amplifier, is set 
externally with RtH. Pulses which exceed this. thresh- 
old are defined as valid pulses (ie. potentially SYNC or 
DATA). As illustrated in Figure 6, at the end of the 
positive going half of a valid pulse, a window set by Rw 
and Cw is opened. If asecond valid pulse occurs within 
this window, it is recognized as a SYNC pulse. This 
pulse becomes the input signal to a phase locked loop 
whose VCO ciock frequency is: 32 times the SYNC 
frequency (servo frame rate). The DATA output pin is 
low whenever a SYNC pulse is detected. The example 
illustrated in Figure 6 includes the case of a missing 
DATA pulse. The SYNC clock output, which marks the 
start of a new servo frame, is derived from the VCO 
output so that the clock continues to run when a data 
pulse is missing. Absolute positioning information such 
as track 0 and guardband flags may be encoded on the 
servo surface by the omission of data pulses. 





To generate the servo pattern shown in the timing 


circuit incorporates a peak detector which stores the — 


maximum pulse area signal on the external capacitor 
Cex. This signal is compared to an internal amplitude 
reference and the input amplifier gain is adjusted until 
they are equal. The capacitor Cacc determines the re- 
sponse time of the gain control circuit. An offset cancel- 
lation circuit , whose response is set with the external 
capacitor Caz, ensures that the average level at the dif- 
ferential amplifier output is zero. 


An AGC adjust (AGCADvV) pin allows the user to adjust 
the AGC reference level. AGCADJ can be driven with 
a potentiometer or a D/A ( a simple Pulse Width 
Modulated signal is usually sufficient.) This pin is left 
open if no AGC adjustment is required. 


All internal analog signals are referenced to a 5.4V 
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diagram, Figure 5, the DATA and SYNC pulses must 
be written to overlap as shown in Figure 7. 


The phase detector compares the detected sync 
pulses with the SYNC output. A current pulse propor- 
tional to the phase error is applied to an external loop 
filter network connected to the LF pin, to generate the 
VCO control voltage. If improved power supply rejec- 
tion is required, bypassing may be provided at pins 
BP1 and BP2..The VCO center frequency is deter- 
mined by the external components Rvco and Cvco. 


A lock detect circuit measures the phase difference 
between the detected sync pulses and the sync output. 
When this difference exceeds half of a VCO clock 
cycle, a pulse of discharge current is applied to CLD. 
Otherwise a pulse of charging current is applied to 
CLD. 


Aclamp circuit limits the swing of the CLD pin and also 
insures that a small amount of hysteresis is present. 
When the voltage on CLD falls below the upper clamp 
level by more than the “lock margin,” the LOCK output 
transistor is turned on. Likewise, when the voltage on 
CLD rises above the lowerclamp level by more thanthe 
“unlock margin,” the LOCK output transistor is turned 
off. 
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FUNCTIONAL DESCRIPTION (Continued) 


Internal timing windows are generated from the recov- 
ered SYNC pulse and VCO clock. These windows, 
WA, WB, WC, and WD, in Figure 5, enable the integra- 
tion of the A, B, C, D pulses, respectively. Four peak 
detectors at the output of the pulse area detector are 
enabled in succession to capture the A, B, C and D 
information pulses, andthe N and Q analog outputs are 
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SSI 32H6210 
Servo Demodulator 


formed by differencing adjacent pulses. These outputs 
change during a servo frame and only become valid 
after the D pulse has been detected. N and Q shouldbe 
sampled by the servo controller on the next falling edge 
of the SYNC output clock. 


An example of an entire servo path implemented with 
the SSI 32H6210 and its companion devices, the 
SSI 32H6220 and SSI 32H6230, is shown in Figure 9. 


VREF (5.4V) 







ERENCE SIGNALS 


POSITION REF- 
- TO SERVO 






PHASE LOCKED LOOP 


( (9) 
> 
o 


TO SERVO 





CLOCK 
CONTROLLER 


RL Ryco 
Cyco 


VREF 


SAMPLE CLOCK 
SERVO DATA 


} TO SERVO CONTROLLER 


FIGURE 2: Typical Application 
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SSI 32H6210 
Servo Demodulator 


PIN DESCRIPTION — 








DESCRIPTION 







REFERENCE VOLTAGE - 5.4V output. All analog signals are refer- 
enced to this voltage. re | 


ANALOG GROUND 







|= | DIGITAL SUPPLY - 5V power supply 
| = | DIGITAL GROUND 


AUTOZERO CAPACITOR - Acapacitor which sets the response of the 
input amplifier offset cancellation circuit should be connected between 
this pin and analog ground. 


NON-INVERTING INPUT - AGC input amplifier connection. The non- 
inverting output of the differential servo pre-amplifier should be AC 
coupled to this pin. 


INVERTING INPUT - AGC input amplifier connection. The inverting 

output of the differential servo pre-amplifier should be AC coupled to this 

pin. | 

PEAK HOLD CAPACITOR - A capacitor which is used by the peak 
detector of the AGC circuitry must be connected between this pin and 

_analog ground. 


AGC Adjust - This pin allows for AGC reference level adjustment. It is 
driven by a potentiometer or D/A. Normally this pin is left open. 





TIMING RECOVERY _ 
| BP1BP2 


TYPE DESCRIPTION | 


«| VCO OUTPUT - TTL compatible digital clock which is 32 times the sync 









frequency (servo frame rate). 


VCO CAPACITOR - Connection points for a capacitor which sets the 
VCO center frequency in conjunction with an external resistor con- 
nected to RVCO. 


PLL BYPASS - Bypass capacitors may be connected between these 
pins and analog ground to provide additional power supply rejection in 
the phase locked loop. 
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ANALOG SUPPLY - 12V power supply. | | 
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SSI 32H6210 
Servo Demodulator 





TIMING RECOVERY (Continued) 


wane [ee | oescwnon 
DATA 
TW 
THR 
CLD 











PHASE LOCKED LOOP FILTER - An external RC network which sets 
the PLL loop characteristics must be connected between this pin and 
RVCO 
SYNC 
(digital 5V supply). 


analog ground. 
VCO RESISTOR - Connection for a resistor which sets the VCO center 
frequency, in conjunction with the capacitor between pins C1 and C2. 
The resistor must be connectedbetween this pin and the VREF output. 
SYNC OUTPUT - TTL compatible digital clock whose falling edge 
indicates the presence of valid analog signals on the N and Q outputs. 
LOCK DETECT CAPACITOR - The value of this capacitor determines 
how quickly the LOCK output responds. 
| LOCK | LOCK OUTPUT - Anopen collector output that indicates the lock status 
of the PLL. 
POSITION INFORMATION 
DESCRIPTION : 
AREA DETECTOR CAPACITOR - A capacitor, which forms an integra- 
tor to sense the pulse area of the servo position signals, must be con- 
nected between this point and analog ground. 






There is one SYNC cycle per servo frame. 


DATA OUTPUT - Active low TTL compatible digital output that indicates 
the presence of a data pulse in the servo frame. This signal is updated 
on the falling edge of the SYNC output. 


TIMING WINDOW - A resistor and capacitor must be connected in 
parallel between this pin and analog ground to set a timing window 
which is used in detecting SYNC pulses. 


PULSE THRESHOLD - A resistor which sets a threshold for SYNC and 
DATA pulse detection must be connected between this pin and VCC 
























N OUTPUT - This sampled analog signal is the normal position 


reference output. N is referenced to VREF and is periodic in radial dis- 
placement, with a period of 4 tracks. 


Q OUTPUT - This sampled analog signal is the quadrature position 
reference output. Q is referenced to VREF and is periodic in radial dis- 
placement, with a period of 4 tracks. It is 90 degrees out of phase with 
N. 
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Storage Temp. | 


PARAMETER ~ | CONDITIONS | | MIN | TYP | MAX | UNITS 


DC CHARACTERISTICS 


| VOH, digital output high © IOH|<40 pA | af 
VOL, digital output low HOL|<1.6mA PP | 


SSI 32H6210 
Servo Demodulator 


ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS | | ; 
(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits is 
not intended and should be limited to those conditions specified in the DC operating characteristics.) 


MAK 
po | | 6 | 
= 


vecwitage | | 
VPA voltage as ae ee 
po | t80 fe 
Solder Temp. | 10sec. duration —— 260 
RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) | 













veAanalogsupply | | to | 2 | 
Supply noise pFetMHz Tt | Ve 
VCC, digital supply | ES 


Ta, ambient temperature aaa 
CONDITIONS MAX | UNITS 
ee ee ee ee 















PARAMETER 


IPA, VPA current 
ICC, VCC current 





| IREF, VREF 
output current capacity 


VREF output voltage |IREF|<10 mA 


AC CHARACTERISTICS  _ | 


VREF output impedance IOUT = 0-10 mA 


1 uF bypass to AGND 
Frequency<15MHz 
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SSI 32H6210 
Servo Demodulator 





ELECTRICAL SPECIFICATIONS (Continued) 


AC CHARACTERISTICS (Continued) 


32 oo ee 2M ioe 













Load resistance To VREF 


Referenced to VREF 
23-400 mVp-p differential 





= 
pF 


Peak output voltage 





AGCADJ open 


Offset voltage ee 


Input amplifier 





Input resistance Eo et 
Input resistance mismatch boo 
Input capacitance Re ee 
Bandwidth ne 
Input referred noise 


CMRR 
PSRR 
AGC dynamic range 
AGC headroom ES cieadeneanal 


AGC bandwidth | Open loop unity gain 





Cacc=0.04 uF 
Cpk=1500 pF 


Autozero pole 


AGCADJ 





4 
=> 
| 10 
ea 
= 
| 20 
7 | paw 
a 
—— 
aa 
a 
ad 


Open circuit voltage Lo 0.696 | 0.756 | 0.817 
Gain as 





N, Q Amplitude adj range mak 
Input impedance, Racc 3.864 

-aeee [100 [some 
SYNC detector 


Timing window Rw in Q, Cw in pF 0.4(Rw * Cw) S| 


Valid pulse threshold RTH in KQ (% of full scale) 55/RTH Le 
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SSI 32H6210 
Servo Demodulator 


ELECTRICAL SPECIFICATIONS (Continued) 


AC CHARACTERISTICS (Continued) 


PARAMETER CONDITIONS = | MIN | TYP | MAX | UNITS — 


LOCK Detector 
CLD up current | RVCO =11K+1% | 0.7 | 
RVCO = 11K + 1% 

















CLD down current 





Phase locked loop 
Capture range 


% 


iw 


[0005 | rate 


CLDunlockmargin fT 


20 
VCO phase delay Relative to sync 30 
| pulse zero crossing 7 


OM 
VCO gain 10.47 fvco rad/siV 


TIMING CHARACTERISTICS | | | 
(Digital output load capacitance Cl<15 pF, VCO frequency fvco <16 MHz, timing measurements for digital — 
signals are measured at 1.3V, unless otherwise noted.) ay | a 


CONDITIONS «ey 


VCO phase shift Missing DATA pulse 


| MIN. | 
Eo 


0 
5 


TADS, NorQ 
output setup time — 


Pare | 


TADH, N or Q 
output hold time 





8 
T5 accuracy, T5-24/fvco | 
T6 accuracy, T6-1.5/fvco - 


T7 accuracy, T7-2/fvco 
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APPLICATIONS INFORMATION 


Atypical SSI 32H6210 application is shownin Figure 2. 
The selection criteria for the external components 
shown are discussed below. 


INPUT AMPLIFIER 


The autozero circuit is effectively a high pass filter, 
whose pole frequency is given by: 


Caz( HF) 


With a value of 10 uF for Caz, the autozero circuit’s 
corner frequency will be 22 Hz. Thisis sufficient for DC 
offset rejection and it will not interfere with the servo 
signal. 


The AGC response may be characterized in terms of 
the open loop unity gain bandwidth of its control loop. 
The nominal value for this loop is set by Cacc as 
follows: fay=_390 He 

Caac (UF ) 


For a nominal bandwidth of 10 kHz, Cacc should be 
0.039 uF. With a 1% capacitor, the variation in actual 
bandwidth will be +/- 50% due to the tolerance of 
internal components. The AGC peak detector capaci- 
tor should always be set to 1500 pF. This represents a 
reasonable tradeoff between leakage current toler- 
ance and storage aperture time. 


The pulse area detector storage capacitor must be 
chosen to keep the AGC circuit operating within its 
linear range. Its value is related to the VCO frequency 
as follows: 


120 


——_££¥____ pF, where fvco is the VCO freq. 
fvco( MHz ) 


Cap= 


Larger values for Cap are required with lower VCO fre- 
quencies in order to maintain constant signal levels 
within the device, since the integration time is in- 
creased. 


The amplitude of N & Q signals can be adjusted using 
the AGCAD4J input. If it is desired to adjust the N & Q 
amplitude by + AV volts, the values of R1 and R2 can 
be calculated from K and dv as shown in figure 3. 


V AGCADS (typ ) AV 


K=2—V66 (min) 





dv = ______ 
AGCADJGain ({ max ) 


SSI 32H6210 
Servo Demodulator 





AGCADJ Ragc 


Variable duty Ri 
cycle from CMOS > AAKA 
pP (voltage swing 
is OV to Vec) 
VAGCADJ 


FIGURE 3: AGCAD4J Input 


Ri R ace ball BEE (min) e 
7 K dv 
K 


R2=~~_ (Rl) 


for example if:AV =0.4V, VCC =5V+5%, Ta=0-70°C 
VREF = 5.4V+6% 

then: K = .318, dv = 0.26V, R1 = 20.4k, 

R2 = 9.5k 


When R1 & R2 are calculated, a filter capacitor C is 
calculated from the replication rate of the iP duty cycle 
output. The parallel combination of R1, R2, Raac 
minimizes the ripple of Vacc, and yet still provides 
sufficient response time to changes in duty. cycle. 


SYNC DETECTOR 


Two sync detector parameters may be adjusted with 
external components. The firstis the valid pulse thresh- 
old. The threshold is expressed as a percentage of a 
full scale pulse (since the sync detector follows the 
AGC andinput amplitude variations are removed). The 
threshold is determined with resistor RTH as follows: 


0.3/7 
Rtn ( K22) 


Threshold = °100(%) 


For example, a value of RTH = 1 KQ sets the valid pulse 
threshold at 37% of full scale. This prevents false trig- 
gering on noisy signals, but does not unduly shorten 
the sync pulse. 


A timing window is used to detect sync pulses, since 
the sync and data pulses are more closely spaced than 
any other pulses in a valid servo signal. The delay from 
the zero crossing of the data pulse to the leading edge 
of the sync pulse is 1.5 cycles of the VCO clock. The 
next most closely spaced pulses (which must be re- 
jected by the sync detect circuit) are separated by 3 
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For a 16 MHz clock, Cw should b 


SSI 32H6210 
Servo Demodulator 


APPLICATIONS INFORMATION (Continued) 


SYNC DETECTOR (Continued) 


VCO cycles. Thus the timing window should be set for 


2.25 cycles of the VCO clock, to allow reliable detection 
of the sync pulse. The timing wincew is 3 determined as 
follows: 


Window = 0.4 (Ry aa 


The resistor Rw should always be set to 5.6 KQ, which 
means that for a 2.25 cycle window, Cw is given by: 


Cy 1000 pg 
fyvco( MHz) 


e chosen as 63 t 


LOCK DETECTOR 


The LOCK detector behavior is controlled by the value 
of Cipb. A value too small will be prone to unlock pre- 


maturely and give false warnings to the system. A 


typical value tOr Cio is 0.01 HF. 


PHASE LOCKED LOOP 


The VCO center frequency is determined _ Rvco and 
Cvco. Rvco should always be set to 11 KQ+1%. oe 
may then be chosen by: 


Cvco= 830.- - 10.6 pF, 
sf veo 


where fvco is the desired center frequency in MHz. 


For fvco = 16 MHz, Cvco=41 pF and for fvco = _4MHz, 
Cvco = 200 pF. If 1% tolerance external components 
are used, the VCO absolute frequency accuracy will be 
15%. The VCO output. frequency is related to the 
control voltage at the loop filter pin, ViF, as follows: 


foftveo = = 1+ 1.667(VLF - Viraiss) 
This means that the VCO gain, Ko, is given by: 


Ko = 2 ¢ 1° fvco(Hz) * 1.667 rads/s/V 





The phase detector is a digitally controlled charge 

pump, which injects a current into the loop filter whose | 
average value is proportional to the phase error. The 

detector gain, Ka, is fixed at 15.92 .A/rad. If a loop filter 

consisting of a series resistor and capacitor is used, as 

shown in Figure 2, the phase locked loop becomes a 

second order system with the jolloning transfer 

function: , 


phase error s)= (s/on) _ 
input phase | ; ke. io. 
1+2°z*s/on+(S/on) | 


where: 
won (natural freq.) = 1((Ka* Ko/ (32° Ci) rads 
z(damping factor) =0.5*Ri° Cis on | 


As an example, the values for Cvco, Rt and Ct are 
derived for a system with the following ‘specifications: 


fyco= 16 MHz wn(2*n)=4600Hz z=0.68 


Cvco=890-106=41pF 
fVco ar 


Cy = (DEO OAT Aco) 0.1 BF 
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VREF-2 VREF VREF+2 SERVO DEMODULATOR 
OUTPUT (V) 


1, POSITION INFORMATION PULSES ————___» 
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FIGURE 4: Pre-recorded Servo Signal and Servo 
Demodulator Output vs. Radial Displacement 
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SSI 32H6210 
Servo Demodulator 


DATA SYNC 
VALID PULSE (MISSING) 


THRESHOLD \g 


VALID PULSE 


Rw, Cw TIMING WINDOW 


INTERNAL SYNC 
DETECTION 


DATA OUTPUT 


SYNC DETECT 
(DERIVED FROM 
VCO CLOCK) 


NQOUTPUTS SS STABLE EX YSEGGG ANN 


—_______——_———- SERVO FRAME 


FIGURE 6 : Sync and DATA Pulse Detection 
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DATA PULSE 


SYNC PULSE 


SUM (DATA + SYNC) 





FIGURE 7 : Servo Writer Data-Sync Pulse Generation 
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A IN+ DETECTOR 
Q 
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TIMING GENERATOR ae 


4 Ryco = 11ka 
Rw Cw Cyco 
zen Cap |Cpp | oLb 41 pF FOR 
0.1 pF | 0.1 pF 16 MHz 
OA yF VREF 


Cyy = 63 pF FOR 16 MHz 


~8L 21400 = 1 KQ FOR 37% 
%TH 


SAMPLE CLOCK Bie 
} TO SERVO CONTROLLER 
470 QFOR SERVO DATA 
@ , / 2x = 4600 Hz 
z= .68 


FIGURE 8: Design Example for 500 KHz Frame Rate 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) ; for a static sensitive component. 
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DESCRIPTION | FEATURES 
The SSI 32H6220 Servo Controlleris aCMOS device ° Servocontrol for Winchester disk drives with 
intended for use in Winchester disk drive head posi- dedicated surface head positioning systems 
tioning systems. When used in conjunction with Aa =e Accepts standard di-bit quadrature position in- 
position reference, such as the SSI 32H567 Servo De- formation 


modulator, and a motor driver, such as the SSI 32H569 
or the SS! 32H6230 Servo Motor Driver, the device 
allows the construction of a high performance, dedi- ¢ Microprocessor bus interface compatible with 
cated surface, head positioning system which oper- 16 MHz 8051 

ates under microprocessor control. *© Seek and track modes 


e¢ 500 KHz maximum servo frame rate 





The SSI 32H6220 generates position andtrack cross- °* Separate position and velocity error outputs 
ing information from standard di-bit quadrature posi- | 
tion signals, derived from a dedicated servo surface. In 
its seek mode the controller drives the actual head ve- ¢ Internal offset cancellation capability 
locity towards a programmed target value, while in its 
track mode, it keeps the head centered on a track. 


¢ Programmable velocity profile and loop gains 


e Track crossing output clock 


| * Low power CMOS design 
Continued 
Continue’) «Available in a 44-pin PLCC package only 
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DESCRIPTION (Continued) 


Internal status and control registers allow a micropro- 
cessor to select operating modes, monitor track infor- 
mation and establish velocity targes. Digital outputs 
are available to monitor track crossings and head 
position accuracy. The microprocessor bus interface is 
optimized for use with multiplexed address/data bus 
pmeropnocessors such as Intel’ Ss 8051, eure at up 
to16 MHz. 


The SSI 32H6220 is a low power, CMOS device and is 
available in a 44-pin PLCC package. 


FUNCTIONAL DESCRIPTION | 


The SSI 32H6220 receives position information froma 
servo demodulator through the analog inputs N and Q, 
which are sampled on the falling edge of SYNC. 
FSYNC, the maximum SYNC frequency (which is the 
servo frame rate) is 500 KHz. The position processor 
compares the analog N signal with both Q and —Q, to 
generate the digital signals NQ and NQ. Since the N 
and Q signals have a period of four tracks, NQ and NQ 


provide additional information on which track the head - 


is positioned over. Figure 6 shows the behavior of 
various position signals as_ radial displacement 
changes. 


The 32H6220 is compatible with both hardware and 
software track counting techniques. The software 
track counter interface is bits NQ, NO, and TRKCS in 
the STATUS register. TRKCS can be programmed to 
pulse on each track crossing or on alternate track 
crossings. NQ and NQ provide information useful to 
"debounce" the TRKCS bit. Internal timing hysterisis 
prevents NQ, NQ, and TRKCS from changing on 
successive frames. The hardware interface is TRKCK, 
an output clock intended to drive a hardware counter 
such asis available in the Intel 8051 family. TRKCK is 
a single frame pulse that occurs whenever a track 
boundary is crossed. During seek mode, TRKCK has 
one full track of hysteresis to prevent false counting. In 
track mode, hysteresis is removed. 


The ssi 32H6220 has two modes of operation, track 
and seek, which are selected under microprocessor 
control. In the track mode, the control loop drives the 
position error signal to zero. Inthe seek mode, the loop 
attempts to match the head velocity to a velocity target 
programmed through the microprocessor interface. 


Intrack mode, the head position error signal is summed 
with an 8-bit programmable offset signal which may be 
used to null out circuit offsets orto permit reading of off- 
track data. This adjusted position error signal is avail- 
able on pin FP1. A lowpass filter with a corner fre- 
quency above 0.1 * FSYNC provides a small amount of 
smoothing. A position loop filter may be constructed 
from external RC components and amplifier A1. 
Switch S1, controlled by the DUMP bit, is used to keep 
the feedback capacitor in the position loop filter dis- 
charged while the controller'is in seek mode. The 
output of A1 is the position error signal (PE) which 
should be connected to the servo motor driver circuitry. 
The position error is also applied to a window compara- 
tor with programmable limits that provide a digital indi- 
cation of whether the headis ontrack or not. Insystems 
employing the SSI 32H569 or the SSI 32H6230, PE 
should be summed in to the ERR- pin through an input 
resistor. 7 


In seek mode, the position error is differentiated by a 
switched capacitor differencer, to produce a velocity 
estimate. The differencer does not sample the position 
error immediately after the discontinuity that occurs 
when a track boundary is crossed. This prevents the 
discontinuity from disturbing the differentiator output. 
The velocity estimate is applied to a velocity loop filter 
consisting of external RC components and amplifier 
A3. A signal proportional to motor current may also be 
summed in at A3 to provide a better velocity estimate 
during rapid acceleration. A velocity error term is com- 
puted as the difference between the velocity target and 


_the actual head velocity. The velocity target is gener- 


ated by a DAC from the digital word stored in the 


_ TARGET register. The output of the velocity loop filter 


(pin FV4) is proportional to the actual head velocity and 
is scaled by a 4-bit programmable velocity gain before 
being subtracted from the velocity target. Also, a fill 
signal which is generated by multiplying the position 
error by a 4-bit programmable fill gain is subtracted 
fromthe velocity error. The fill signal compensates for 
the 8-bit quantization of the velocity target signal, which 
becomes a factor as the head velocity approaches 
zero. As the head nears the destination track at the end 
of a seek operation, the target velocity is zero, so if afill 
term which is proportional to position error is sub- 
tracted from the velocity error term, the velocity loop 


_ willcause the head to come to rest at the center of the 


track. Without this additional fill signal, the velocity loop 
would not necessarily center the head in the destina- 
tion track. The velocity error signal is buffered by A2 
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+5.4V 


which drives the VE pin. The separate error outputs, 
PE and VE, allow for independent adjustment of the 
track and seek loop gains by specifying different values 
for RINP and RINV. 


The actual velocity profile of the head is determined by 
the values written to the target velocity DAC. Typically, 
a new velocity target is written at each track crossing. 
An automatic update feature (enabled when. UP- 
DATE=1) causes the next velocity target to be loaded 
from a holding register when a track crossing occurs, 
so that the microprocessor does not have to perform 
this time-critical operation. 


The 32H6220 is capable of interactively nulling out 
offsets at FP1, PE, and VE. The basic technique is to 






SELECT CORNER 
FREQUENCY (ND) 
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use the low offset ERR comparator (enable with the 
ERREN bit and visible on the SGN bit) to monitor the 
offset and then adjust an appropriate DAC value. 
Offset at FP1 is nulled with the NOS DAC, offset at PE 
is nulled with the TARGET DAC, and offset at VE is 
nulled with either NOS or TARGET. 


The SSI 32H6220 has 8 registers, described in "Reg- 
ister Description", which are accessed through a mi- 
croprocessor interface optimized for multiplexed ad- 
dress/data bus processors. A 3-bit register address is 
latched from the bus on the falling edge of ALE (ad- 
dress latch enable) and a bus cycle occurs if CS (chip 
select) and either RD (read strobe) or WR (write strobe) 
are asserted. An open drain interrupt line (INT) may be 
used to cause a microprocessor interrupt when a track 
crossing occurs. 





or 
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FIGURE 2: SSI 32H6220 Typical Application 
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_ PIN DESCRIPTION 







| DESCRIPTION 









BIAS INPUT- This input sets the internal opamp bias currents. A20 KQ 
1% resistor should be connected between RBIAS and AGND. 


REFERENCE VOLTAGE -5.4V input which is used as the DC reference 
level for all analog signals. (This level is available as an output from the 
SSI 32H567). 


ANALOG GROUND | | 
DIGITAL GROUND | | ia 


DIGITAL 5V SUPPLY - 5 voit suppiy for the microprocessor interface 
circuitry. 


DIGITAL 12V SUPPLY - 12 volt supply for the switched capacitor filter 
_Clocks. 
ANALOG 12V SUPPLY - 12 volt supply for all analog circuitry. 


QUADRATURE INPUT - ‘anaieg position signal from servo 
demodulator. 


NORMAL INPUT - ~ Analog position signal from servo demodulator (90 
degrees or 1 track out of phase with Q signal). 


SYNC INPUT - The falling edge of this clock causes the analog 
information on the N, Qinputs to be sampled. There is one SYNC pulse 
per servo frame and the maximum rate is 500 KHz. This signal is 
generated by the SS! 32H567. If itis not necessary to synchronize to _ 
N and Q samples, and FRFMT is set, SYNC should be grounded. In this 
case, FSYNC will be internally generated as FCLOCK/32. 


CLOCK INPUT - This clock must be either 32 or 72 times the rate of the 
SYNC clock (selected by the FRFMT bit in STATUS register). It is 
usually supplied by the VCO output of the servo demodulator 

(eg. SSI 32H567). 


TRACK CROSSING CLOCK - This output drives external hardware 
track counters and is compatible with the counter function available in 
the Intel 8251 family of microcontrollers. It is nena low and pulses 
high one cycle per track. 


~ TRACK CROSSING A - This output is derived from PERISGK it toggles 
on the rising edges of TRKCK. _ 


TRKCKB 25 TRACK CROSSING B - This output is derived from TARE it toggles 


















































on the falling edges of TRKCK. 
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MICROPROCESSOR INTERFACE 


CHIP SELECT - Active low signal enables device to respond to micro- 
processor read or write. 

ADDRESS LATCH ENABLE - Falling edge latches megicter address 
from pins ADO-AD2. 


23 READ STROBE - Active low signal causes the contents of the ad- 
dressed register to be placed on the address/data bus (ADO-7) if CS is 
also active. 










WRITE STROBE - Active low signal causes the data on the address/ 
data bus to be written to the addressed register if CS is also active. 


INTERRUPT - This active low open drain output is asserted when a 


track crossing is detected. Itis released when the internal track crossing 
status bit (TRKCS) is read by the microprocessor. 













TRACK/SEEK - This output reflects the state of the T/S bit in the 
STATUS register. It is high when the device is in track mode and low 
when it is in seek mode. 


ADDRESS/DATA BUS - 8-bit bus which carries register address 
information and bi-directional data. 


RESET - This active low input is used to force all the internal registers 
to their reset condition. 


OFFTRACK - This open drain output is asserted whenever the head 
position is outside the window specified by NW. It is always asserted 
in seek mode. 





















VELOCITY FILTER OUTPUT - This is the output of amplifier A3 which 
forms part of the velocity loop filter. This signalis internally amplified and 
compared to the target velocity. 


VELOCITY FILTER INPUT - Direct connection to the inverting input of 
amplifier A3. 

FV1 7 ESTIMATED VELOCITY OUTPUT - Output of the position error differ- 
entiating high pass filter. | 


VELOCITY ERROR - This signal should be summed in to the servo 
motor driver circuitry. In systems using the SSI 32H569 or the SSI 
32H6230 servo driver, VE is connected to the ERR- pin through a 
resistor. 


UNCOMMITTED SWITCH - This switch can be used to reset a notch 
filter during seek mode. The switch is controlled by the SW bit in the 
status word. 


UNCOMMITTED SEEK SWITCH - This switch is on during seek 
operations. 
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CONTROL LOOP (Continued) 


NAME | 44-pin |TYPE| DESCRIPTION 
__|_PLec 


POSITION FILTER CAPACITOR - The external position loop filter feed- 
back capacitor should be connected between this pin and PE. When the 
DUMP bit in register WINDOW is set, an internal switch (S1) shorts PE 





to FP4. This allows the external capacitor to be kept discharged during 
seek mode. | 


POSITION ERROR OUTPUT - Output of position loop fi Iter amplifier A1 


POSITION FILTER INPUT - Inverting input to opamp A1. 


O POSITION ERROR OUTPUT - Offset-corrected output of the position 
processing circuitry, which is proportional to the radial displacement of 
the head from the center of the current track. 








The actual transfer function from N, Q to FP1 is: 
3 uy.) 3 sin(@T) ser pees 


ss 
z=e° 





This transfer function exhibits a high frequency roll off with a 3dB point at f = 0.11 FSYNC. — 
Unused pins on PLCC package: 8,18 ‘ | 





REGISTER DESCRIPTION 


The SSI 32H6220 has 8 internal registers which contain status, control and loop parameter information. A three 
bit register address is latched from inputs ADO-AD2 on the falling edge of ALE. The corresponding register is 
accessed if CS is then asserted, with the direction of access being determined by RD or WR. The registers are 
summarized in Figure 3. | 


Beis raDoreSS[ ACCESS] Oy Te Te] | Tm TT 















| 


NEXT TARGET VELOCITY | 
oa 
ot 
7 : a 


a 
| staTus mexownre | meabonn meADon 
. READ/ 
ofrseT | 8 | ware | SoS NS 
RESET | 7 | warteonty | RESET (ANY VALUE) | 


FIGURE 3: SSI 32H6220 Register Map — 
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REGISTER DESCRIPTION (Continued) 
GAIN AddressO Read/Write 


GAIN SETTINGS - Used to set the velocity gain and fill gain. These settings are only significant in the 
seek mode. 


DESCRIPTION 


VELOCITY GAIN - 4-bit quantity which sets the gain applied to the velocity 


signal at the output of opamp A3. 


FILL GAIN - 4-bit quantity which sets the gain applied to the position error 
which is added to the velocity signal. 


If NVG and NFG are represented as integers ranging from 0 to 15, then for a zero velocity target, the VE 
output is given by: . 


VE-VREF = WS (Fv4 ~VREF) + ve (FP! —VREF) 












TARGET Address 1 Read/Write 


CURRENT VELOCITY TARGET - This register selects the 8 bit velocity target which is subtracted from 
the actual velocity to yield velocity error in seek mode. The sign of the velocity target is determined by the 
VELPOL bit in register VELCON. If TARGET is represented as an integer from 0 to 255, then the voltage 
at the output of the velocity target DAC, VT, is given by: 


VT =VREF ( TARGET), VELPOL=0 


VREF ( TARGET), VELPOL = 
340 










The SSI 32H6220 has an update feature which allows this register to be loaded automatically with the 
contents of the next target register when a track crossing occurs. The target register may also be written 
directly by the microprocessor to cause an immediate change in target velocity. 


NEXT Address2 Read/Write 


NEXT TARGET VELOCITY - This register contains an 8-bit value that will be loaded automatically into 


the velocity target register when atrack crossing occurs, if the UPDATE bitin VELCONis set. This register 
is unused if UPDATE is cleared. 
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REGISTER DESCRIPTION (Continued) 


VELCON 


3-4 


5-7 





UPDATE 


NDO-ND1 


unused 





Address3 Read/Write 


DESCRIPTION © 


VELOCITY TARGET POLARITY - If this bit is set, the velocity target will 
be positive (with respect to VREF) and if it is reset, the velocity target will 
be negative. 


ENABLE VELOCITY TARGET DAC - If ENA is set, the velocity target 
DAC will be enabled and if it is cleared the output of the DAC will be 
clamped to VREF. | 


UPDATE MODE SELECT - When this bit is set, the contents of the 
NEXT register will be transferred to TARGET automatically when a track 
crossing occurs. If it is cleared, new velocity targets must be written 
directly to the TARGET register by the microprocessor. © 


DIFFERENTIATOR CHARACTERISTIC SELECT - These bits select the 
characteristic of the differentiator high pass filter as follows: 





H(s) = _-G , W= 1 (1+_ND) rad/sec 
1+W 2T 1.75 | 


s G=8.2 


Where T is the period of the SYNC clock input in seconds, s is the complex 
frequency variable in radians/second and ND is an integer from 0 to 3. For 
s<<W the high pass filter H(s) acts like a differentiator. For a SYNC rate of 
500 kHz, the corner frequency W will be: 


ND1|NDO W/2n (kHz) 
00 


39.8 - 
01 : 62.5 
10 85.3 
11 108 


The actual transfer function from N,; Q, to FV1 is: 


7G(z-1) sin( wT /2) 


A WW Z=-1) +\3. 5+ 2ND Z] ~ OTe WIG UPouNe 


st 

Z=e 

This transfer function is approximated throughout this data sheet with the 
above domain approximation which is accurate to 0.5 db for f< .05 * FSYNC. 
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REGISTER DESCRIPTION (Continued) 
WINDOW Address 4 Read/Write 


WINDOW CONTROL - This register is used to program the on-track window comparator and also 
contains several control bits. 







DESCRIPTION 


w 
= 


NWO0-NW2 WINDOW SELECT BITS - This 3 bit word selects the window comparator 
threshold voltage. The on track indicator bit will be true as long as: 


|FP1 - VREF|< VREF[(1 + NW)/32] 


where NW is an integer from 0 to 7. 


ERROR ENABLE - When set, this bit enables the offset comparator and 
causes SGN to be its output. When reset, SGN is the lower side of the 
window comparator. _ : 


TRACK/SEEK MODE SELECT - When this bit is set, track mode is selected 
and when it is reset, seek mode is selected. 


POSITION LOOP FILTER DUMP CONTROL - When this bit is set, pins PE 
and FP4 are switched together internally by S1. This causes the external 
position loop filter feedback capacitor to be discharged. 


ERREN 














DUMP 













CALIBRATION MODE - When this bit is reset, the N and Q inputs are 
connected to the position processor and normal operation occurs. When 
CAL is set, the processor inputs are connected to VREF, causing the FP1 
output to reflect the offset voltage errors in the position sensing path. — 


CAL 


STATUS Address 5 Read/Write access as noted 


STATUS REGISTER - Contains track status information and several control bits. 


DESCRIPTION 


TRKCS TRACK CROSSING INDICATOR - The function of TRKCS is determined by 
the CSMOD bitinthis register. Wnen CSMODis set, TRKCS willbe set every 
time NQ or NQ change state (ie. on every track crossing). When CSMOD is 
reset, TRKCS will be set every time NQ changes state (ie. on alternate track 
crossings). TRKCS is reset every time STATUS is read by the microproces- 
sor. The INT interrupt output is the inverse of TRKCS. (TRKCS is read only.) 


TRACK QUADRANT - This bit is set when: 
N-VREF > VREF-Q 

and reset otherwise. (NQ is read only) 
TRACK QUADRANT - This bit is set when: 
N-VREF > Q-VREF 

and reset otherwise. (NQ is read only) 





BIT 
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REGISTER DESCRIPTION (Continued) 
DESCRIPTION: 
ON TRACK INDICATOR - This bitis set when the voltage on pin FP1is within 


the window selected by the WINDOW register. Iti is reset otherwise (ONTRK 
is read only). 


FRAME FORMAT - Used to indicate the relationship between CLOCK and 
SYNC. If this bit is set, the VCO clock rate must be 32 times the SYNC clock 
rate. If it is reset, the VCO clock rate must be 72 times the SYNC clock rate. 
(FRFMT is readMrite). 


CROSSING INDICATOR MODE - If this bit is reset, TRKCS will be set on 
alternate track crossings. If it is set, TRKCS will be set on every track 
crossing. (CSMOD is read/write). 

SWITCH - This bit Controls the SW switch. This uncommitted switch can be 

~ used to initialize a notch filter in the servo loop. (SW is read/write). 

VOLTAGE SIGN - This bit indicates whether the head position is above or 
below the lower edge of the track window. If used with the ONTRK bit, it 
allows the microcontroller to divide a track into three regions and make more 
informed decisions about overshoot and undershoot. When ERREN is set, 
SGN is the output of the error Comparator. (SGN is read only.) 





OFFSET Address6 Read/Write 


OFFSET VOLTAGE REGISTER - The 8-bit value in this register drives the offset DAC which adds a 
correcting voltage to the. daca error signal. 


Coe NOSO-NOS6_| OFFSET MAGNITUDE 


The offset correction voltage, VOS, is given by: 


_ VOS = - 0.89 (NOS) V , SOS=0 
127 


~ 0.89 (NOS) V , SOS=1 





RESET  § Address7 Write only 





4-116 0689 


0689 


SSI 32H6220 
Servo Controller 





ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS | 
(Maximum limits indicate where permanent device damage occurs. Continous operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics.) 


PARAMETER CONDITIONS 

pvp 
Voltage on any pin re 
Storage Temp. ee 
Solder Temp. 10 sec duration 



















RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid 
throughout this document.) : 


VPA, VPD 











VREF 
Operating temp 
' RBIAS, bias resistor to AGND 


DC CHARACTERISTICS 


IVP Total VPA and VPD current 
DD 


VDD current 


| 
IREF VREF current 


DIGITAL I/O 





Digital Inputs | | 
VIH [IIH|<10uA 


VIL (Except Reset) ilIL|<10UA 
VIL Reset Pin IIIL|<100UA 


Digital Outputs (ADO-AD7, T/S) 


VOH : |IOH|<40uA 2.4 


VOL IOL|<1.6mA 


Open Drain Digital Outputs (INT, OFFTRK) 
O IOL|<1.6mA 
Off leakage VOH = VPD 
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MICROPROCESSOR INTERFACE TIMING (see figure 4(a) and figure 4(b)). (Timing measurements for 
digital signals are measured at 1.3V, unless otherwise noted.) 


PARAMETER CONDITIONS IE TYP : | max. UNITS 


TLHLL ALE pulse width 
TAVLL Address setup time 
TLLAX Address hold time 
TRLVD RD to data valid 
TRHDX data hold time after RD 


ra 
a a 
ae a 
aes (et 
anne Fe 
TRLRH _ RD pulse width PL 20 
are 
mee 
—____— 


Le) 


TLLWL ALE to RD or WR 
TRLCL RDorWRtoCS low 
TRHCH_ RD or WR to cS high 
TWLWH WR pulse width 


TQVWH data set up to WR high 
TWHQX data hold after WR high 


ANALOG I/O 


co 

rear a 
“inpatresistnce SSS 

| tmputcapactarce «| SSSC~=<—~*SC‘YSC‘(? 
| otsetvotage fs 
[common mode ange ——~4|AboutvRer | a | 
Fe veo it tequeny [a 
-“TsvHsvnchoistine | SSSCS~=~S~S~S=Ci 
SS 
a. ee 
TAOHNorGanab rosie | eo | 











= 
OT 


® 
mo) + 
“I | G —_ 


SN 
Nh 
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TLLWL 
ALE 


TAVLL TLLAX 


ADO- 





TRLVD TRHDX 


aaile _ 


FIGURE 4(a): Read Cycle Timing 





TAVLL TLLAX 


( ADDRESS ) q DATA y 


TQVWH TWHOQX 





FIGURE 4(b): Write Cycle Timing 


ANALOG DATA VALID 





FIGURE 5: Analog Timing 
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ANALOG I/O (Continued) 


PARAMETER | CONDITIONS | MIN | TYP | MAX | UNITS 


Input resistance | About VREF / 100 | | 
Offset voltage - mV 


Analog Outputs i 
Output impedance |\Vo-VREF|<3V 


Resistive loading | About VREF 


Capacitive loading 


“a. 
ol 





A 
o 


Output swing (FP1, FV1) About VREF 14 
Output swing (PE, FV4 | About VREF | 3.5 
Output swing (VE) About VREF 


Gain (FP1 from N or Q) pf 9.45 | 9.55 | 9.65 | 
Gain (Amplifier A1, A3) Open loop DC gain | 


Gain (Amplifier A2) -0. 


8 

fa) 
Eo) 
7 


~ |e 
RIN 


ook, 


= 
a 
N 


Unity gain bandwidth Open loop 
(Amplifier A1, A3) 


Unity gain bandwidth Open loop 0.5 
(Amplifier A2) | . 


WINDOW COMPARATOR 


PARAMETER . CONDITIONS - | min | TYP | 












| wecets | ss | 50 | 
rare ee ee: 


Analog Switches 


PARAMETER 
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VELOCITY GAIN 





TARGET VELOCITY DAC 


PARAMETER 


Full scale - VREF 


CONDITIONS MIN TYP / MAX UNITS 


VELPOL=1 %0V REF 
VELPOL=0 78 | %VREF 




















Offset Match TARGET=0 VELPOL=0, 1 


OFFSET CORRECTION DAC 
PARAMETER CONDITIONS | MIN 
oi ae * 


Full scale - VREF 


DIFFERENTIATOR 











0.08 





PARAMETER 


High pass gain (N,Q TO FV1) FIN/FSYNC = 0.02, 
| : 


| db 
db 
Ee ae oe 
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APPLICATIONS INFORMATION 


In the examples shown in figures 7a & 7b, the SSI 
32H6220 is used with its companion devices, the SSI 
32H567 and SSI 32H569 or SSI 32H6230, as well as 
a microprocessor and some external components, to 
implement a complete head positioning system. 


Position Reference 


The position feedback signal for the servo loop is 
generated by a servo demodulator from information 
prerecorded on the disk drive’s servo surface. The 
SSI 32H567 provides quadrature position signals (N 


and Q), recovered clocks (SYNC and VCO) and an 


analog reference level (VREF) for the rest of the 
system. The SSI 32H567 translates the radial dis- 
placement of the servo read head to a voltage with a 
gain of 2 volts/track. The SSI 32H6220 has a front end 


INPUT FROM 
SERVO DEMODULATOR (V) 


VREF 42 


| 
| 
VREF +2 | | 


| 
| 
| 


gain of 3, so the gain from actual position error to the 
voltage at pin FP1 (the input to the position loop filter) 
is 6 volts/track. 


In order to produce the position error signal illustrated 
in figure 6, the position processor in the SSI 32H6220 
selects either N, Q or an inverted signal, based on the 
value of the digital signals NQ and NQ. The resulting 
error signal is zero (equal to VREF) when the head is 
perfectly centered on a track. The error signal has a 
maximum: absolute value in the vicinity of a track 
boundary (ie. whenthe headis displaced one half track 
from a track center) and has a polarity that indicates 
the direction of the position error. | 


RADIAL 
DISPLACEMENT 


TRACKN ; TRACK N+1 ; TRACK N42; TRACK N43 | 


VREF +3 


POSITION 
ERROR 
SIGNAL 
AT FPI(V) 


| 
| 
| 
| 
| 
| 
VREF - 
| 
| 
| 
| 
| 


| 


| | 
N>-Q(NQ) | ) | a 
| 


| 
TRKCS 
(CSMOD=0) | | | | | | | | 
I 


1 
N>Q(NQ) ! | | 


| 
| 
| 
| 
| 
| 
| 
I 
| 
| 
\ 
| 
| 
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| 
| 
| 
| 
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| 
| 
| 
| 
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ee 
| 
wi; REGISTER ACCESS 


Sac eo IS 





VF 
TRKCK i I i H at ae 


FIGURE 6: Position Signal Waveforms 
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FIGURE 7(a): Complete Example of Servo Path Electronics Using SSI 32H567/6220/569 Chip Set 
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FIGURE 7(b): Complete Example of Servo Path Electronics Using SSI 32H567/6220/6230 Chip Set 
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Servo Motor and Driver 


For the purposes of illustration, the following simple 
model for the servo motor in figure 7 is assumed. 


JO. dw 7 
mK ot! e=K.°@ 


m 
Definition of terms: 
im Armature current (A) 
w Motor speed (rad/s) 


J8 Rotor moment of inertia (kg « m?) 
Km Torque constant (Nm/A) 


e Motor back EMF (V) 

Lm Winding inductance (H) 

Rm Winding resistance (Ohm) 

Ke Motor voltage constant (V/Rad/s) 
Numerically, Ke and Km are equal. 


Under the assumption that the electrical and mechani- 
cal poles of the motor above are widely separated (Rm/ 
Lm >> J6 « Rm/Km?’), the servo driver loop compensa- 
tion components, RL2 and C13, may be chosen to 
cancel the effect of Lm, as follows: 


C13 - 68Rs ; Rio =———_bm____ 
27Re (Rm+Rs)BW Ci3(Rm+Rs) 


where BW is the desired servo driver open loop band- 
width (Hz). This results in the following relationship 
between motor current (im) and error voltage at the 
servo controller output (EOQUT). 
Im - Re 
to  — S } = 
EOUT a 





4k, Rs 1+ 
2nBW 


Where Rin is either Rinp or Rinv depending whether 
you're in seek or track modes. 


This simple first order approximation of the servo motor 
behaviour neglects effects such as resonance due to 
the motor inductance, Lm, or the pole due to servo 
driver transconductance. However, it is sufficient to 
illustrate the design goals for the velocity and position 
loop filters that are required with the SSI 32H6220. A 
more detailed description of the SSI 32H569. may be 
found in the SSI 32H569 data sheet. 


SSI 32H6220 
Servo Controller 





TRACK MODE 


Loop Compensation 


Track mode is engaged when the head has reached its 
destination and the current position must be main- 
tained. The control objective is to drive the position 
error signal at FP1 to zero and minimize excursions of 
the head due to noise and other perturbations of the 
system. The transfer function of the complete servo 
loop in track mode is shown in figure 8(a), using the 
servo motor model derived above. The gain Gi is the 
combined effect of the SSI 32H567 and the front end 
gain of the SSI 32H6220, and has a nominal value of 
6 volts/track. The gain G2 is a property of the head 
transport system, and has units of tracks/radian for 
rotary servo motors and tracks/meter for linear motors. 
(The nomenclature chosen for the motor model is that 
of rotary motors but the results are applicable to linear 
motors as well, if appropriate units are substituted). To 
ensure that the control loop has negative feedback, 
positive motor current (as indicated in figure 7) must 
result in negative motor acceleration. This inversion is 
accomplished in the prerecorded servo pattern and is 
accounted forin the transfer function by showing G2 to 
be negative. 


Since the servo driver/motor combination has a double 
pole at the origin and an additional real pole at fre- 


quency BW (which is selectable with external compo- 


nents in the SSI 32H569), the position loop filter is 
essential to ensure a stable system. The effect of the 
position filter used in this example is to provide lag-lead 
compensation. Systems of this type are usually de- 
signed by trial and error, but a further simplification of 
the transfer function may be made to obtain an initial 
solution. If the pole at BW is ignored, RP4 is removed 
and RP2 made large (RP2is necessary to provide a DC 
path for leakage current at pin FP2) then the system. 
illustrated in figure 8(b) is obtained. The compensation 
has been reduced to lead compensation only. If the 
following quantities are defined: 


GGC R K _2 
a 1°2 =#s~Pi F m 
cut 2 l= || Je | (s 


P2 
PM = Desired closed loop phase margin (degrees) 


FB = Desired open loop unity gain bandwidth (rad/s) 


then appropriate values for the time constants of the 
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lead compensation circuit (T1, T2) may be chosen 
using the following relationships, assuming 1/T2<<FB 
<< 1/71: . 


FB = Gtot» Val rad/s ) 


PM = 90 - -arctan (FB -T,) (degrees) 


The values for T1 and Ta thus chosen form a starting 
point for the selection of appropriate values for the 
more complex lag-lead compensator required by the 
real system. | 


Position Loop Filter Initialization 


Switch-$1, which is controlled by the DUMP bit in the 
WINDOW register, may be used to short out the 
exiérnal feedback capacitor CP2, dischargirig it. Si is 
usually closed during a seek operation, so that when 


DESIRED 
_ TRACK (= 0) 


elias clas . eA! ee 
Rp2 
HEAD 


POSITION 
(TRACKS) 


SSI 32115671568 


1+aT, Ss. 


| ; POSITION LOOP FILTER 


1+Ty Ss] 1+bT5 S$ . 


the system is switched to track mode, no sudden 
transients occur due to.charge stored on Cp2. Distur- 
bances to the position signal when the system is 
switching to track mode can greatly extend the disk 
drive’s access time, since the system response is 
much slower in this mode. 


On Track Window 


The on track window comparator may be used to 
monitor the positioning accuracy of the head. The 
position error voltage at pin FP1 is compared to a signal 
selected by the bits NWO0-2 in the WINDOW register. 
The ONTRK bitin register STATUS is set ifthe position 
error is within the specified limits and cleared if it is 
outside the limits (in either the positive or the negative 
direction). The programmable excursion limits (ex- 


SSI32H569 AND SERVO MOTOR 


1+ToS Re . 1 


4R inp Rs 1 +5 sw 


ROTOR POSITION 


HEAD TRANSPORT 
_ MECHANICS . - 





MOTOR DYNAMICS 


FIGURE 8(a): System Transfer Function in Track Mode 
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FIGURE 8(b): Simplified Track Mode Transfer Function 
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pressed as a percentage of a track) range from 2.8% to 
22.5% in 8 equal steps. By monitoring the ONTRK bit, 
the microprocessor can determine when the head has 
settled sufficiently for read and write operations to 
commence. The ONTRK bit may also be used to 
decide when it is appropriate to switch from seek to 
track mode at the end of a period of deceleration. 


SEEK MODE 


Velocity Profile 


The velocity profile that results in the shortest seek 
time, subject to motor current and head vere limita- 
tions, is as follows: 

1) Maximum acceleration (maximum motor current) 
until the half-way point or maximum velocity is 
reached. 

2) Constant velocity motion until it is time to com- 
mence deceleration (if maximum velocity was 

_ reached). 


3) Maximum deceleration until head comes to rest 


over the destination track. The decceleration pe- 
riod is of approximately the same duration as the 
acceleration period. 


The microprocessor computes a velocity profile ac- 
cording to the rules above, based on the current head 
location and destination track. During the final ap- 
proach to the destination track, updates to the velocity 
DAC become more infrequent since the track crossing 
rate is approaching zero. The fill signal which is derived 
fromthe position error can be used to provide a smooth 
target velocity profile between track crossing updates. 
Figure 9 shows a Set of typical waveforms as the head 
approaches the destination track. The fill gain is ad- 
justed at each track crossing so that the fill signal 
interpolates smoothly between target DAC settings. In 
the destination track, where the target DAC output is 
zero, the fill signal is especially important, since it 
becomes zero only when the head is centered on the 
track. The velocity control loop thus causes the head to 
come to rest at the center of the destination track. 
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Loop Compensation 


The transfer function for the controller electronics of 
figure 7 is shownin figure 10(a). This transfer function 
may be simplified as shown in figure 10(b), under the 
following conditions: 


(88,6) (Kn Ry,) 
JOR,,. 


JOm@ Rvs 


R, C. =-—— 

- o ( GG,G, ) (K,, Ry.) 

The value of w, the corner frequency of the internal 
position differentiator, is dependent on the sync rate, 
but the above condition is generally satisfied by most 
systems. The condition on RV4 and CV1 sets the 
position of the zero due to the external components in 
the velocity loop filter, whose function is described 
below. The resulting system has two real poles, one 
of which is at the origin, and is thus unconditionally 
stable. 


The position of the SSI 32H6220 internal differentiator 
pole is selectable under microprocessor control. It is 
desireable to select as low a frequency as is consistent 
with the required seek performance. This pole pre- 
vents the differentiator from amplifiying high frequency 
noise. In order to provide feedback of a velocity signal 
for frequencies above the differentiator pole, the exter- 
nal velocity loop filter is configured to act:as an integra- 
tor which integrates the motor current sense output of 
the SSI 32H569, or the SSI 32H6230, SOUT. Since 
SOUT is proportional to motor acceleration, this inte- 
gration produces a signal proportional to velocity. 
Thus, at low frequencies the velocity feedback is gen- 
erated by differentiating the position error signal and at 
high frequencies, the velocity term results from inte- 
grating motor current. It is more accurate to estimate 
velocity from a direct observation of head position, but 
at higher frequencies it is necessary to provide in- 
creased noise immunity. The system described above 
balances these two considerations. 
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OFFSET CANCELLATION 


The 32H6220 is capable of cancelling position offset, 
velocity offset, and motor current offset. The following 
procedures may be used to null out these effects. 


A. Position offset 


This procedure removes any offset introduced by the 
position processing circuitry in the SSI 32H6220. 


Set T/S. (Enter track mode.) 


2. SetCAL and DUMP. (This switches the N and 
Q inputs to VREF and shorts out CP2). 


3. Set ERREN. (This activates the ERR com- 
-Parator and connects its output to SGN.) 


4. Adjust NOS and SOS until a 1LSB change 
causes SGN to change state. The final values 
should be stored and used whenever track 
mode is used. 


5. ClearCAL, DUMP, ERREN to resume normal 
track mode operation. 


B. Velocity offset 


This procedure removes any offset generated in the 
velocity path of the SSI 32H6220. _ 


1. Clear T/S. (Enter seek mode). 
2. Set CAL, ERREN, and ENA. 


3. Adjust TARGET and VELPOL until 1LSB 

_ change causes SGN to change state. This 

value of TARGET should be stored for use in 
future seeks as the velocity offset. 


4. Clear CAL and ERREN to resume normal 
seek mode. 


Finer offset adjustment can be made by using the 
OFFSET register, however the calculation must be 
done for each value of NFG that is planned to be used. 
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C. Motor Current Offset 


Motor current offset (caused, for instance, by cable 
bias and windage on the head as well as voltage offset 
in the motor driver) results in an ontrack voltage at PE 
that is not zero. In some drives, the time from when 
DUMP is turned off to when the final value of PE is 
achieved adds appreciably to the loop settling time. 
The PE voltage can be minimized (and therefore, the 
settling time) as follows. 


1. Enter track mode and wait for the head posi- 
tion to settle. Make sure CAL is reset. 
2. Set ERREN. 
3. Adjust TARGET until PE is zero (evidenced by 
_ SGN toggling equally between 1 and.0. Pro- 
gram target with this value whenever a seek to 
this area of the disk is Penornes: 


Since this technique sompensnide for cable bias, care 
must be taken to interpret the results. Cable bias will 
be position dependent: and can also cepene on the 
previous head pesons: 
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FIGURE 9: Typical Waveforms During Final Deceleration Mode 


0689 4-129 


SSI 32H6220 
Servo Controller 





SSI 32H569 AND MOTOR 
EOQUT Re { 


v7 &Q————>]-- -— i 
i 4RinvRs 1 +ow i 
(VELOCITY aa 
TARGET _ 
VOLTAGE) MOTOR 


VELOCITY LOOP FILTER DIFFERENTIATOR DYNAMICS | 


Km 
. Jes2 





FIGURE 10(a): Transfer Function of SSI 32H6220 in Seek Mode 





FIGURE 10(b): Simplified Transfer Function of SSI 32H6220 in Seek Mode 
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DESCRIPTION 


The SSI 32H6230 Servo Motor Driver is a bipolar 
device intended for use in Winchester disk drive head 
positioning systems employing linear or rotary voice 
coil motors. When used in conjunction with a position 
controller, such as the SSI 32H568 or the SSI 32H6220 
Servo Controllers, and a position reference, such as 
the SSI 32H567 Servo Demodulator, the device allows 
the construction of a high performance, dedicated 
surface head positioning system. 


The SSI 32H6230 serves as a transconductance am- 
plifier by driving 4 MOSFETs in an H-bridge configura- 
tion, performs motor current sensing and limits motor 
current. In its linear tracking mode, class B operation is 
guaranteed by crossover protection circuitry, which 
ensures that only one MOSFET in each leg of the H- 
bridge is active. The MOSFET drivers are disabled 
when motor velocity or current exceed externally pro- 
grammable limits. In addition, automatic head retrac- 
tion and spindle braking may be initiated by a low 
voltage condition or upon external command. 
(Continued) 
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FEATURES 


June, 1989 


¢ Predriver for linear and rotary voice coil 


motors 


e Interfaces directly to MOSFET H-Bridge motor 


driver 


¢ Class B linear mode and constant velocity 


retract mode 
e FET disable function 


¢ Precision differential amplifier for motor 


current sensing 


¢ Clamp for motor current limiting 
¢ Automatic head retract and spindle braking 


signal on power failure 
¢ External digital enable 





* Servo loop parameters programmed with 


external components 


° Advanced bipolar IC requires under 240 mW 


from 12V supply 


¢ Available in 20-pin DIP or SO packaging 
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DESCRIPTION (Continued) 


The SSI32H6230 is implemented in an advanced bipo-. 


lar process and dissipates less than 240 mW froma 
12V supply. The IC is available in 20-pin DIP and 
20-pin SO packaging. 


FUNCTIONAL DESCRIPTION 
(Refer to block diagram and typical application Fig.2) 


The SSI 32H6230 has two modes of operation, linear 
and retract. The retract mode is activated by a power 
supply failure or when the control signal EN is false. 
Otherwise the device operates in linear mode. 


During iinear operation, an acceieration signai fromthe 
servo.controller is applied through amplifier A1, whose 
three connections are all available externally. RC 
components may be used to provide loop compensa- 
tion at this stage. The ERR signal drives two precision 
amplifiers, each with a gain of 8.5. The first of these 
amplifiers is inverting, and is formed from opamp A4, 
an on-chip resistor divider and an off-chip complemen- 
tary MOSFET pair. The second is non-inverting, and is 
formed in a similar manner from opamp A5. Feedback 
from the MOSFET drains, on sense inputs SE1 and 
SE3, allows the amplifiers gains to be established 
precisely. The voice coil.motor and a series current 
sense resistor are connected. between SE1 and SES. 


Crossover protection circuitry between the outputs of 
A4 and A5, and the external MOSFETs, ensures class 
B operation by allowing only one MOSFET in each leg 
of the H-bridge to be in conduction. The crossover 
separation threshold, illustrated. in. Figure 5, is the 
maximum drive on any MOSFET gate when the motor 
voltage changes sign. The crossover circuitry can also 
disable all MOSFETS simultaneously (to limit motor 
current or velocity) or apply aconstant voltage across 
the motor (to retract the heads at a constant velocity). 


Motor current is sensed by a small resistor placed in 


series with the motor. The voltage drop across this. 


resistor is amplified by a differential amplifier with a 
gain of 4 (A2 and associated resistors), whose inputs 
are SE1 and SE2. The resulting voltage, SOUT, is 
proportional to motor current, and hence acceleration. 
This signal is externally fed back to A1, so that the 
signal ERR represents the difference between the 


desired acceleration (from the servo controller) and the 
actual motor acceleration. 


An adjustable voltage clamp is provided to prevent 
over current to the motor. It accomplishes the current 
limiting by clamping the voltage excursion at the input 
of Ai. The voltage clamp values are programmed by 
VREF and VLIM. VLIM is the lower clamp value and 
the upper clamp limit is 2 * VREF - VLIM. 


Disable function will cause all 4 bridge FET's to turn off. 
Note that this function does not override ine retract 
function. 


The SSI 32H6230 has low voltage monitor circuitry that 
will detect a. loss of voltage on the VREF, VCC or 
LOWV pins. The power supply pin, VCC, should be 
connected to the disk drive’s spindle motor so that its 
stored rotational energy may be used to hold up VCC 
briefly during a power failure. LOWV is used to detect 
a system power supply failure. When a low voltage 
condition is detected, the MOSFET drivers switch from 
linear operation to retract: mode. In this mode a con- 
stant voltage is applied across the motor which will 
cause the heads to move at a constant speed. A 
mechanical'stop must be provided for the heads when 
they reach a safe location. The current limiting circuitry 
will disable the MOSFET drivers when motor current 
increases due to loss of the velocity-induced back 
EMF. An.open collector output, BRK, which is active 
while the device, is in retract mode, is provided for 
spindle. motor braking. An external RC delay may be 
used to defer braking until the heads are retracted. 


Two examples of an entire servo path implemented 
with the SSI 32H6230 and its companion devices, the 
SSI 32H567, 32H568, and the SSI 32H567, 32H6220 
are shown in figures 7 and 8. 
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FIGURE 2: Typical Application 
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PIN DESCRIPTION 


TYPE | DESCRIPTION | 


POSITIVE SUPPLY - 12V power supply. Usually takenfrom spindle motor 
supply. Spindle motor stored energy permits head retraction during power 
failure. If VCC falls below 9V, a forced head retraction occurs. 


LOW VOLTAGE - System 12V supply. If this input falls below 9V, a forced 
head retraction occurs. 


REFERENCE VOLTAGE - 5.4V input. All analog signals are referenced 
to this voltage. If VREF falls below 4.3V, a forced head retraction occurs. 


GROUND 


TYPE | DESCRIPTION 


POSITION ERROR- Loop compensation amplifier output. This signal is 
amplified by the MOSFET drivers and applied to the motor by an external 
MOSFET H-bridge, as follows: SE3-SE1 = 17(ERR-VREF) 


POSITION ERROR INVERTING INPUT - Inverting input to the loop 
compensation amplifier. 


POSITION ERROR NON-INVERTING INPUT - Non-inverting input to the 
loop compensation amplifier. 


MOTOR CURRENT SENSE OUTPUT - This output provides a voltage 
proportional to the voltage drop across the external current sense resistor, 
as follows: SOUT-VREF=4(SE2-SE1) 


DISABLE INPUT — This input will cause all 4 bridge FETs to turn off. 
DISABLE does not override the retract function. 
ri CLAMP — A clamp_pin to limit the input error voltage. The voltage swing 


at this pin is limited to VREF +- (VREF - VLIM). 


BRAKE OUTPUT — Active high, open collector output which may be used 
to enable an external spindle motor braking transistor upon power failure 
or deassertion of EN. 


VOLTAGE LIMIT — The voltage at this pin sets the upper and lower clamp 
voltage limits in conjunction with the voltage at VREF. 

Upper Clamp Limit = 2 * VREF - VLIM | 

Lower Clamp Limit = VLIM. 


MOTOR CURRENT SENSE INPUT - Non-inverting input to the current 
sense differential amplifier. It should be connected to one side of an 
external current sensing resistor in series with the motor. The inverting 
input of the differential amplifier is connected internally to SE1. 


ENABLE - Active high TTL compatible input enables linear tracking mode. 
A low level will initiate a forced head retract. 
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TYPE DESCRIPTION 


MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 
non-inverting MOSFET driver amplifier. It is connected to one side of the 
motor. The gain to this point is: 


SE3-VREF = 8.5(ERR-VREF) 


P-FET DRIVE (NON-INVERTING) - Drive signal fora P channel MOSFET 
connected between one side of the motor and VCC. This MOSFET drain 
is connected to SE3. 



















N-FET DRIVE (NON-INVERTING) - Drive signal foranN channel MOSFET 
connected between one side of the motor and GND. This MOSFET drain 

is connected to SE3. Crossover protection circuitry ensures that the P and 

N channel devices driven by OUTC and OUTD are never enabled | 
simultaneously. | 


7 MOTOR VOLTAGE SENSE INPUT - This input provides feedback to the 


OUTD 


SE3 





inverting MOSFET driver amplifier. It is connected to the current sensing 
resistor which is in series with the motor. The gain to this point is: 


SE1-VREF = -8.5(ERR-VREF) 


This input is internally connected to the current sense differential amplifier | 
inverting input. | 
N-FET DRIVE (INVERTING) - Drive signal for an N channel MOSFET 


connected between the current sense resistor and GND. This MOSFET 
drain is also connected to SE1. 


P-FET DRIVE (INVERTING) - Drive signal for a P channel MOSFET 
connected between the current sense resistor and VCC. This MOSFET 
drain is also connected to SE1. Crossover protection circuitry ensures that 
the P and N channel devices driven by OUTC and OUTD are never 
enabled simultaneously. 


OUTB 


OUTA 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS Li @ % | 
(Maximum limits indicates where permanent device damage occurs. Continuous operation at these limits 
- is not intended and should be limited to those conditions specified in the DC operating characteristics.) 


Tramancren ——_—_—eonoreons | wm | wr | wax | on | 
veo Tl 
PURE ne ee 

es 









VREF | ; 
SE1, SE2, SE3, OUT D | 
All other pins ae 






Storage temperature 





Solder temperature 


RECOMMENDED OPERATION CONDITIONS (Unless otherwise noted, the following conditions are valid | 
throughout this document.) | | | 


| PARAMETER CONDITIONS o 
VCC | _.| Normal Mode | 
Retract Mode | | 3.5V 


| VREF 





About VREF 


About VREF + 
To VREF | 4 


f<20 kHz 
f<20 kHz 
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A2, CURRENT SENSE AMPLIFIER 


PARAMETER CONDITIONS 
_ Input impedance SE1 to SE2 


Input offset voltage 
Output voltage swing 


To VREF 


Output impedance f<40 KHz | 
Gain (SOUT-VRERISEVSEA | 


Unity gain bandwidth 
f<20 KHz 


*<20 KHz 


= 
co 











CLAMP = VREF 


Upper CLAMP limit ICLAMP = 10 pA 
(VREF + 1/3 VREF) VLIM open 


ICLAMP = -10 pA 
VLIM open 


| ICLAMP | = 10 pA 


1.0mA> | ICLAMP | >10 pA 


CONDITIONS 


\ILowv| < 0.5 mA 


EN input low voltage [IIL] < 0.56 mA 





| 85 
a Fs 
Lead 
oo 
08 
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POWER SUPPLY MONITOR (Continued) 


[IIH] < 40 uA 
BRK voltage normal mode, |IOL] < 1 mA 





BRK leakage current 


BRK delay (from power fail or 

EN false to BRK floating) | 

MOSFET DRIVERS . | 
PARAMETER T conomions Twin | ave | Max | units 
SE3 Input impedance | To VREF 10 25 KO 
OUTA, OUTC 3 
voltage swing |lo|<1 mA 0.7 VCC-1 V 
OUTB, OUTD : 








i 
9 


e) 


voltage swing |lo|<1 mA 


VTH, 

Crossover separation threshold 
Slew rate | 
(OUTA, OUTB, OUTC, OUTD Cl<1000 pF | 1.4 V/us 
Crossover time | 300 mV step at ERR Ld 






” 


Output impedance (OUTA,B,C,D) 


Transconductance 
I(OUTA,B,C,D)/(ERR-VREF) 
Gain (-(SE1-VREF)/(ERR-VREF) 


or (SE3-VREF)/(ERR-VREF) ) VN 


Offset current 


Retract motor voltage 
(SE1-SE3) 


Rs = 0.2Q, RF = Rin, 
Vin=VREF 


S 
N 
— 
w 
<8 
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APPLICATIONS INFORMATION 


Atypical SSI 32H6230 application is shown in Figure 2. 
The selection criteria for the external components 
shown are discussed below. Figure 3 shows the 
equivalent circuit and equations for the DC motor used 
in the following derivations. While the nomenclature 
chosen is for a rotating motor, the results are equally 
applicable to linear motors. 


MOTOR CURRENT SENSE AND LIMITING 


The series resistor which senses motor current, Rs, is 
chosen to be small compared to the resistance of the 
motor, Rm. A value of Rs = 0.2Q is typical in disk drive 
applications. 


VLIM, RIN1, and RIN2 must be chosen to keep the 
motor current below Imax. The voltage clamp values 
programmed by VREF and VLIM must be chosen to 
cause limiting when the motor current reaches its 
maximum permissible current in amps, this value may 
be chosen as follows: 


CLAMP ._RF 


[Imax | = 
RIN2 4°Rs 


Where the upper clamp limit is 2 » VREF - VLIM and the 
lower clamp limit is VLIM. If VLIM is left open, a value 
of 0.667 *« VREF will appear. The upper clamp limit is 
then 1.33 * VREF and the lower clamp limit is 0.667 = 
VREF. The values of RIN1, RIN2 must be chosen to 
satisfy the maximum swing of Vin before limiting oc- 
curs, 


RIN1 


— BIND ( VREF) + VREF 





Vin max) =CLAMP( 1 + Sula ) 


RIN2 


and they should also satisfy the maximum current 
VCLAMP can source or sink 
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figure 4(b), under the assumption that this pole and the 
pole due to the motor mechanical response are widely 
separated. CL may then be chosen to set the desired 
open loop unity gain bandwidth. 


68° R, 
2enmeRee(Ry+R,) * BW 


Lin 
Cy (Rm+Rs) 


where BW is the 
unity gain open 
loop bandwidth 


Ri= 


The closed loop response of the servo driver and motor 
combination, using the component values and simpli- 
fying assumptions given above, is given by: 





Where: Rin = RIN1 + RIN2 


(This analysis neglects the pole due to the output 
impedance of the MOSFET drivers and the MOSFET 
gate capacitance, an effect that may be significant in 
some systems.) 


RF is chosen to be sufficiently large to avoid overload- 
ing A2 (RF > 4KQ). The input resistor, Rin, sets the 
conversion factor from servo controller output voltage 
to servo motor current. Rin is chosen such that the 
servo controller internal voltages are scaled conven- 
iently. The resistor Ros is optional and cancels out the 
effect of the input bias current of A1. 


Re = R,// Re 


The external components Rp and Co have no effect on 
the motor dynamics, but may be used to improve the 
stability of the MOSFET drivers. The load represented 
by the motor, ZM, is given by: 





Vin (max ) [ Actual ]— CLAMP 2 
—— eae <1mA ZM =(Re+Rm)(148——= Ves a) 
Rs+Rm s°J6*°(R,+R,,) 
LOOP COMPENSATION At frequencies above (Rs+Rm)/(2 * 1° Lm) Hz, this load 


The transfer function of the SSI 32H6230 in the appli- 
cation of Figure 2 is shown in figure 4(a). If the zero due 
to Rt and C1 in the loop compensation circuit is chosen 
to cancel the pole due to the motor inductance, Lm, 
then the transfer function can be simplified as shown in 
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becomes entirely inductive, which is undesireable. Rp 
and Cp may be used to add some parallel resistive 
loading at these frequencies. 
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H-BRIDGE MOSFETS 


The MOSFETs chosen for the H- -bridge should have 
gate capacitances in the range of 500-1000 pF. The 
MOSFET input capacitance forms part of the compen- 
sation forthe MOSFET drivers, so values below 500 pF 
may cause some driver instability. Excessive input 
capacitance will degrade the slew mode performance 
of the drivers. 


When the motor voltage is changing polarity, the cross- 
over protection circuits at outputs OUTA-OUTD ensure 
that the maximum MOSFET gate drive is less than 2V 
(the crossover separation threshold), as illustrated in 
Figure 5. The thresholds of the MOSFET devices cho- 


sen should be as large as possible to minimize conduc- 
tion in this region. If the device thresholds are signifi- 


aw ws Vil AA OA 


cantly less than the crossover separation threshold, 
the N and P channel devices in each leg of the H-bridge 
will conduct simultaneously, causing unnecessary 
power dissipation. 


POWER FAILURE OPERATION 


The power supply for the SSI 32H6230, VCC, should 
be takenfromthe system 12V supply through a schottky 
diode (maximum 0.5V drop at If = 3A) and connected 
to the disk drive spindle motor. If the system power 
fails, the IC willcontinue to operate as the spindle motor 
becomes agenerator. The SSI 32H6230 will detect the 
power failure and cause a forced head retract, continu- 
ing to operate with VCC as low as 3.5V. The power fail 
mode willcommence if either VCC or LOWV falls below 
9V, or VREF falls below 4.3V, or ENis false. Hysteresis 
on the low voltage thresholds prevents the device from 
oscillating between operating modes when the power 
supply is marginal. 


The BRK output, which is pulled low during normal! 
operation, floats during a power failure. This allows an 
external transistor to be enabled for spindle motor 
braking. An external RC delay may be added to defer 
braking until head retraction is complete, since the 
spindle motor is required to generate the supply volt- 
age during retraction. 


Armature current (A) 
Motor speed (rad/s) 


Moment of inertia of 
rotor (Kg. M 2 ) 


Torque constant (Nm/A) 


Motor voltage constant (V/rad/s) 


Back E.M.F. (V) 
Winding inductance (H) 


Winding resistance (Q_ ) 


Nomenclature used is for rotary motor 





FIGURE 3: Equivalent Circuit for Fixed Field DC Motor 
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LOOP COMPENSATION WINDING IMPEDANCE 


1 1 
W(1+s5 RR) —_—_—————ooo 
LL L 
(Rm +Re)(1+S———) 


RRs 


CURRENT SENSE 





4R, Ri 
Rr 





FIGURE 4(A): Transfer Function of SSI 32H6230 in 
Typical Application with Fixed Field DC Motor 


' MECHANICAL RESPONSE LOOP COMPENSATION 


1 17 
Km? SC, (Rg + Rm) 
SJ@ (Re +Rm) 


1+ 





FIGURE 4(B): Simplified Transfer Function of 
SSI 32H6230 in DC Motor Application 
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MOSFET GATE DRIVE 








vec -VTH — 1 Teas eat aS cee ore ay ee ae ate af ad Sea res ES, 
SLOPE = A4 
OPEN LOOP GAIN 
VTH 
(CROSSOVER 
SEPARATION ERR 
THRESHOLD) (ERROR SIGNAL INPUT) 


{HORIZONTAL SCALE IS GREATLY EXPANDED) _ 


FIGURE 5: Simplified Transfer Function of SSI 32H6230 
in DC Motor Application 


ASSUMPTIONS: 

Re = 0.22 

Re = 10K C, WF) 
Rim =3Q 


Lm = 600 pH 


BANDWIDTH 
(Hz) 





FIGURE 6: Typical Motor Driver Compensation 
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FIGURE 7: Complete Example of Servo Path Electronics Using the SSI 32H567/568/6230 Chip Set 
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FIGURE 8: Complete Example of Servo Path Electronics Using the SSI 32H567/6220/6230 Chip Set 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) for a static sensitive component. 





ERR VCG 
ERR - LOWV 
ERR + EN 
VREF OUTA 
SOUT OUTB 
CLAMP SE1 
DISABLE SE2 
BRK OUTD 
SE3 OUTC 
GND VLIM 


20-Pin SO, DIP 





ORDERING INFORMATION 


SSI 32H6230, Servo Motor Driver 


20-Pin DIP SSI 32H6230-CP 32H6230-CP 
20-Pin SOL SSI 32H6230-CL 32H6230-CL 







No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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SERVO DESIGN EXAMPLE 


The application of the SSI 32H568/32H6220 dedicated 
servo controller, SSI 32H569/32H6230 H-bridge pre- 
driver, and SS! 32H567 servo demodulator chips re- 
quire both discrete component determination and 
microprocessor programmed register values. This 
section provides as a design example, a systematic 
method of determining both the discrete components 
and programmable values required in implementing a 
fully functional track and seek head positioning servo. 
This example makes use of an available Silicon Sys- 
tems’ program named SERVO CALC which runs on 
the PC/XT or PC/AT compatible personal computer. 
The program provides an interactive enviroment for 
entering target specifications, systematically proceed- 
ing through the design, and automating the calculation 
of components and programmable values. The pro- 
gram provides various tools for system performance 
review such as velocity profile plots, open and closed 
loop Bode plots, step response plot, mechanical reso- 
nances and notch filter effects. 


i 


se 

= 1/3 track 
8 seek 

® 

> 

ot 
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® 
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SPECIFY SEEK PERFORMANCE 
REQUIREMENTS 


Specifying the average seek time, total number of 
tracks for a full length seek, and profile characteristics 
will provide the basis for determining a precise head 
velocity profile. Profile characteristics specify the rela- 
tionship between acceleration and deceleration under 
different conditions. The ratio of deceleration time plus 
settling time all divided by the acceleration time pro- 
vides the profile characteristic “R.” The number of 
tracks traveled in “triangular mode” divided by the total 
number of tracks for a full length seek provides the 
profile characteristic “BETA.” These two profile char- 
acteristics may be used along with a modified square 
root law to determine a velocity profile which will result 
in satisfying the specified average seek time. 


As an example, specify as design goals: 
Linear actuator 
1400 TPI for a G2 of 55,860 Tracks/Meter 
1000 total cylinders 
Average access time of 15 ms 
30 gram actuator mass 
R= 1.2 and BETA = 0.4 


vue 


15 20 25 £30 


Time in Milliseconds 





FIGURE 1: Track Seek Profile 
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REVIEW VELOCITY PROFILES ~ 


The deceleration profile may be reviewed and adjusted 
by modifying the square root law which relates profile 
head velocity to the number of tracks left to travel. 
Step-wise increasing the exponent of tracks to go from 
1/2 (square root starting point) will “soften” the decel- 
eration approach curve. As the curve softens, the 
settling time available decreases. The “R” value may 
be adjusted to match a suitable deceleration curve with 
the required settling time. 


From the profile chosen, the following parameters may 
be determined for our example design: 


_ Head acceleration of 6,175,115 tracks/sec? 
Peak head velocity of 49, 699. 5 tracks/sec 
200 deceleration tracks required 


~ 8.05 ms of acceleration, 12.08 ms coasting, and 
9.66ms decelerating full seek 


Full seek time 29.8 ms 


Both the average and full length seek profiles are 
shown in Figure 1. 


SPECIFY MOTOR AND LOAD PARAMETERS 


The motor and load parameters must be estimated and 
specified so that the power required to meet the veloc- 


ity profile chosen may be computed and compared — 
against design goals. G1 is preamplifier gain andis not: 


dependent upon motor or load parameters. G1 is fixed 
at 6 VOLTS/TRACK when using the SSI 32H567. The 
motor resistance will introduce both a power loss and 
a voltage drop which must be considered. The two 
motor systems, namely linear and rotary, require differ- 
ent units of specification. | 


Linear Motor Specifications 
G2 transport constant in Tracks/Meter 
J mass in KG (kilograms) 
Km motor constant in N/A (newton/amps) 


Rotary Motor Specifications 
G2 transport constant in Tracks/Rad 
J inertia in KG m? (kilograms meter squared) 
Km motor constant in (N « m/A) 


Optionally, Km may be computed from the head veloc- 
ity profile based on a specified maximum motor current 
IPEAK. The two Speetenenes om IPEAK ae Km are 
interrelated. ae ag 


For our example, 
IPEAK is 1 Amp and km is calciated:. 
Rm =3.8Q | 
Rs=0.2Q 


REVIEW MOTOR VOLTAGE, POWER AND Km — 

From the motor and load specifications, the required 
peak current needed to satisfy the chosen head veloc- 
ity profile may be calculated. Using the transport 
constant G2, the back EMF of the motor may be calcu- 


lated at peak head velocity and addedto the the voltage 


drop across the motor resistance Rm and sense resis- 


tor Rs. The total voltage required by the motor may be 


compared to the available driver voltage. Peak motor 
power may be computed and compared to design 
goals. If Km was calculated from a specification of 


_IPEAK, the resulting value of Km may be compared 


against that actually attainable in the motor design. 
Adjustment of Km and IPEAK may be made to both 
satisfy the average seek time specification and general 
design goals. 


For this example: 
Km was Calculated to be 3.316 N/A 


Peak drive voltage required is 6.95V including the 
_ voltage across Rs 


Peak coil input power is 6.75 Watt 
~ Coil dissipation 3.8 Watt 


SPECIFY POWER AMPLIFIER COMPONENTS 


The power amplifier is shared by both the track follow- 
ing and seek servo control loops. The determination of 
DC gain for the power amplifier for seek will also 
determine some components shared with the track 


following servo. Referring to the example schematic of 
the SS! 32H567/6220/6230, RS, RF and the sum 


resistance of RINV1 and RINV2 (RINV) may be deter- 
mined. Choosing RF to be aninitial nominal value such 
as 10,000Q and choosing RS as some small resis- 
tance such as 0.2© provides good starting points. 
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The DC power amplifier gain for the seek servo is 
calculated from the peak current required to satisfy the 
peak velociyy of the velocity profile and the full scale 
target DAC output voltage. A motor current limit may 
be implemented when using the SSI 32H6230 by 
connecting the CLAMP pin to ERR- through the RINV1 
and RINV2 network as shown on the schematic. The 
limit voltage is programmable by setting the voltage at 
the 6230 VLIM pin. It is necessary to choose the limit 
current higher with tolerance margin above that current 
required to meet the maximum head velocity from the 
velocity profile. 


Inthe example, 
RINV total should be 5062.50 
RF is specified as 10,000Q 


CHOOSE DIFFERENTIATOR AND VELOCITY 
LOOP GAINS 


The differentiator within the SSI 32H568 or 32H6220 
provides a programmable corner frequency determined 
by servo frame rate and the two bit register ND. Having 
determined the maximum head velocity from the veloc- 
ity profile and knowing the transport constant and servo 
frame rate, the maximum output voltage from the 
differentiator may be calculated. 


The output of the differentiator is amplified by the 
velocity amplifier A3 and the programmable gain stage 
set by NVG. The velocity loop gain from the output of 
the differentiator to the feed back summing junction of 
the target DAC must be set so that the peak differentia- 
tor output voltage will result in zero VE voltage (relative 
to VREF) when the target DAC is at its full range of 255. 
Choosing a nominal NVG setting of 10 and selecting an 
ND which does not exceed the amplitude limit of the 
differentiator itself, will result in the calculation of the 
necessary gainin A3. The seek velocity feedback may 
be fine tuned by adjusting the gain of NVG as indicated 
in drive self-calibration. 


For the example, the programmable registers are: 
NVG is 10 decimal | 
ND will be 2 for a frame rate of 250 KHz 


Gain of A3 will be 1.96 so that (RV4/RV3) = 1.96; 
If RV4 = 19.6K, then RV3 = 10K 


RV1 and CV1 will not be used in this example 
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GENERATE TARGET PROFILES 


The seek servo velocity loop is closed within the SSI 
32H568 or 32H6220. The implementation of the veloc- 
ity profile is commanded by the supporting micropro- 
cessor. The microprocessor commands target veloci- 
ties by writing to the target DAC. The necessary DAC 
values may be derived from the velocity profile. The 
acceleration DAC value is determined from the peak 
head velocity in the velocity profile. The microproces- 
sor writes the acceleration target velocity to the target 
DAC and monitors track crossings determining when 
to begin deceleration. Once the head has moved past 
the deceleration corner, the microprocessor will write 
the deceleration target velocities to the target DAC 
usually track by track thereby following the head veloc- 
ity downto the transition point into track following. The 
number of table entries making up the deceleration 
table can be found from the profile data discussed in 
the earlier section, Review Velocity Profiles. 


A fill table may be generated corresponding to the 
target velocity table. The fill table is usually only a few 
entries long. The fill table values are computed from 
the position error voltage available at FP1 and the step 
in target DAC voltage for the last few deceleration 
velocity targets. The fill value programs the gain of the 
fill amplifier which subtracts from the velocity error a 
portion of the position error signal. This subtraction of 
position error from the velocity error has the effect of 
smoothing the velocity error voltage at VE when the 
headis moving slowly and tends to insure that the head 
will move towards the center of the target track prior to 
switching on track following. 


The 20 element fill value table resulting for the example 
is shown below in Table 1. “t’ is the target track.. 


Target Track Lineup 


12 


ayaa oawpoanan 


oo 
:4 
:3 
:3 
°3 
:3 
:2 
2 
:2 


TABLE 1 
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The velocity target DAC values for the example are listed below in Table 2, ‘ordered as the number of tracks re- 


maiming i go, ie: “t-n”: 


t-0 t-20 t-40 t-60 t-80_ t-100 t-120 t-140 = t-160 t-180 
0 :)| 114 140 161 — 180 198 213 229 243 
18 83 115 141 162 181 198 214 229 243 
25 85 — 117 142 163 182 199 215 230 244 
31 86 118 143 164 183 200 216 6231 245 
6°36 88 120 144 165 184 201 217 232 — 245 
40 90 ~=—‘'121 145 166 185 202 218 $232 246 
44 92 122 146 167 186 202 219 233 247 
—48 94 124 148 168 187 203 219 234 247 
51 95 125 149 169 187 204 220 234 248 
54 97 126 150 | 170 188 205 221 235 249 
57 99 127 151 171, 189 206 222 236 249 
60 100 129 152 172 190 206 222 236 250 
62 102 130 153 173 191 207 223 237 250 
65 104 131 154 174 192 208 224 238 251 
67 105 132 155 175 193 209 224 239 252 
70 107 134 156 176 193 209 225 239 252 
72 108 135 157 177 194 210 226 240 253 
74 110 136 158 178 195 211 227 241- 254 
76 111 137 159 178 196 212 227 241 254 
79 113 138 160 179 197 213 228 242 255 
TABLE 2 


POWER AMPLIFIER COMPENSATION > 


Components RL2 and CL3 set the bandwidth of the 
power amplifier. Specifying motor inductance Lm and 
power amplifier bandwidth BW while having deter- 
mined RF, Rm, and Rs from seek requirements pro- 
vides the means for calculating CL3 and RL2. 


For the example, — 
Power amplifier bandwidth is specified as 10 KHz 
Lmis specified as 1 MH | 
CL3 is calculated to be 0.005 uF 
RL2 is calcuated to be 47 KQ 


TRACK FOLLOWING GAIN 


Both the track following and seek loops share many of 
the power amplifier gain setting components. Having 
determined RINV, RF and Rs from velocity profile 
requirements, the track following power amplifier gain 
KP is determined entirely by RINP. The track following 


power amplifer gain KP is interactively set with the 
position loopfilter gain KF. Aninitial KP may be chosen 
as 1 AMP/VOLT and the value of KF may be adjusted 
as needed to stabilize the track following loop. The 
value of RINP may be computed from RF, Rs, and KP. 


In the example, Oo 
Specify KP = 1 Amp/Volt - 
Calculale RINP = 12.5 KQ 


POSITION LOOP FILTER 


The implemented filter will take the form of a LAG- 
LEAD-LEAD-LAGin ascending frequency breakpoints. 
Due to the double integration in the motor-load me- 
chanics going from acceleration to position, there is an 
initial 180 degree position phase lag which must be 
compensated to prevent instability and oscillation. 
Phase lag introduced by a pole will add additional 
phase lag exceeding 180 degrees while phase lead 
introduced by a zero will reduce phase lag. The 
objective of the position loop filteris to ensure that there 
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FIGURE 2: Position Loop Filter Bode Plot 


is phase margin at the system unity gain crossover 
frequency while at the same time providing stiffness 
and long term tracking error cancelation. 


The initial position loop filter gain KF may be estimated 
through a specification for DC stiffness. Specifying a 
stiffness in units of force per track and knowing G1,Km, 
and KP will provide a way to solve for KF. 


DC stiffness per track is calcuated as: 
STIFFNESS = G1 KF KP Km 


Specifying 100 N/TRACK stiffness, KF is determinedin 
the example to be 5. 


The lowest frequency LAG time constant is referred to 
as bT2 and is the product CP2(RP3+RP4). This low 
frequency LAG serves effectively as an integrator with 
limited DC gain intended to minimize longterm tracking 
error and allowing an increased DC gain improving 
Stiffness which otherwise would not be possible due to 
mechanical higher frequency resonances. Time con- 
stant bT2 generally should be made as large as prac- 
tically possible. Choosing a value for CP2 such as 
.47 uF and a pole frequency between 0.1 and 1 HZ will 
provide a good starting point. 


The track following servo is stabilized by providing 
phase margin at the unity gain crossover frequency. 
Phase margin is obtained through the use of the two 
LEAD networks. The first lead breakpoint compen- 
sates for the integrator phase lag and the second lead 
breakpoint provides the required phase margin. Time 
constant T2 made up of RP3 and CP2 provides the 
phase lead needed to bring the phase back towards 
180 degrees of phase lag. Lead time constant aT1 
provides additional phase lead by reducing the phase 
lag less than 180 degrees at the unity gain crossover 
frequency. Choosing the time constant aT1 such that 
its break point frequency is equal to the unity gain 
crossover bandwidth for the system will provide ap- 
proximately 45 degrees of phase margin. Time con- 
stant T2 needs to be chosen to be at least five times 
aT1 thereby minimizing the interactive effects of the 
two leads together. T2 should not be chosen so low in 
frequency as to cancel out the effects of the integrator 
lag and the low frequency gain enhancement. 


Finally, the high frequency pole T1 determined by RP1 
and CP1 provides a high frequency gain limit. The 
breakpoint frequency associated with the time con- 
stant T1 should be placed severaltimes higherthan the 
breakpoint frequency set by al1. Mechanical reso- 
nances may require further adjustment of the T1 break- 
point frequency. Some systems may require additional 
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POSITION LOOP FILTER (Continued) 


notch filters to minimize high frequency mechanical 
effects. 


Having chosen the break point frequencies, the posi- 
tion filter components may all be computed having 
specified CP2 and KF. 


For the example, the break points were initially speci- 


fied as: 


bT2 frequency = 0.6-Hz 
T2 frequency = 60 Hz 


aT1 frequency = 600 Hz (target system unity gain 
bandwidth) 


T1 frequency = 2000 Hz 
TRACK FOLLOWING SYSTEM RESPONSE 
REVIEW 


Bode plots of the open loop response for the LAG- 
LEAD-LEAD-LAG position loop filter are useful in 
evaluating the break point frequencies chosen. More 
useful is the system open loop Bode plot which pro- 
vides the necessary information needed to properly 
adjust KF to meet the desired system unity gain band- 
width. Adjusting KF will move the overall response 
vertically such that unity gain occurs at the desired 
system bandwidth frequency. The amount of vertical 
movement indicates how KF should change relative to 
_ its intial current value. The phase margin peak may be 
adjusted horizontally by changing the time constants 
aT1 and T2. Moving the peak phase lead to corre- 
spond to the unity gain frequency is desireable. The 
_ system unity bandwidth indicates the stability of the 
servo system by the amount of phase margin at the 
unity gain crossover point. Figure 2 shows the open 
loop position filter Bode plot. Notice the peaking of 
phase near the target system unity bandwidth fre- 
quency of 600 Hz. Figure 3 shows the overall open 
loop system Bode pilot. 


_ After review and adjustment, the final components 
were standardized as: | 


RP1 = 8,2500 
RP2 = 91 KQ 
RP3 = 13 KQ 
RP4 = 680 KQ 
CP1 = 0.0075 uF 
CP2 = 0.47 uF 


Which resulted in actual break points of: 
bT2 frequency = 0.49 Hz 
T2 frequency = 26 Hz 
aT1 frequency = 213 Hz 
Ti frequency = 2572 Hz 
And KF = 7.47 for a DC stiffness of 148 N/Track. The 


resulting phase margin is 51.60 degrees at 630 Hz. 
The gain margin is 25.2 dB at 4800 Hz. 


The closed loop system step response may be ob- 
tained and examined to evaluate the overshoot and 
settling time. The integrator time constant bT2 willtend 
to control the settling time or “tail.” The time constants 
aT1 and T2 effect the amount of ringing and overshoot. 
Figure 4 shows the response of the system to aposition 
step. 


For the example, 
Overshoot is 30% 
First zero crossing at 0.4 ms 
Settling within 2 ms 
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FIGURE 3: Overall Position Open Loop Bode Plot 
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FIGURE 4: Position Closed Loop Step Response 
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SERVO CALC SOFTWARE 
HEAD POSITIONING APPLICATIONS TOOL 


DESCRIPTION 


This software is an aid to disk drive head position servo 
design using SSI 32H568, 32H6220, 32H569, 
32H6230 servo controller and servo motor driver chips. 
It uses block diagram algebra and transfer function 
analytical techniques to arrive at first order approxima- 
tions for the servo design values and parameters. This 
software offers visual representations of block dia- 
grams, transfer functions, schematics, as well as 
Bode, seek profile and step response plots. It includes 
design aids forthe design of velocity profiles andtables 
for evaluation of gain ana Characieristics settings. it 
uses simple menus to choose the design screens for 
power amplifier and position loop filter design and 
design modules for seek profile/loop parameters and 
their components. It also has a user definable polyno- 
mial transfer function for Bode plot and step response 
evaluations. The effects of parameter and component 
changes are specially flagged and quickly displayed. 


SERVO CALC PROGRAM FEATURES 


‘ « Mathematical modeling 


¢ Polynomial transfer functions displayed/described 

¢ Block diagrams displayed | 

¢ Individual design screens displaying design prog- 
ress 

* Stability analysis 

Bode and step response plots 

Mechanical resonance and notch filter effects 

Motor current and power dissipation analysis 

Velocity profile and fill table generation 

Develops design for power amplifier components 

Tabulates and displays design choices in velocity 

loop 

¢  User-controllable plot and print settings 


MINIMUM SYSTEM REQUIREMENTS TO RUN 
SERVO CALC 


An|IBM PC/XT/AT or compatible computer with at least 
512 Kbof RAM, EGA or EGA-compatible video adapter 
and monitor, one 5 1/4 inch floppy disk drive. A dot 
matrix printer for plots and screen printings is optional. 
A math co-processor and a hard disk is recommended 
but not required. 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 


in specifications at any time without notice. 


©1989 Silicon Systems, Inc. 
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DESCRIPTION | 


The SSI 32M590-Series consisting of SS! 32M5901 
and SSI 32M5902 are motor controller ICs designed to 
provide all timing and control functions necessary to 
start, drive and brake a two-phase, four-pole, brush- 
less DC spindle motor. The IC requires two external 
power transistors (such as Darlington power transis- 
tors), three external resistors, and an external fre- 
quency reference. The motor HALL sensor is directly 
driven and decoded by the device. The controller is 
optimized for a 3600 rpm disc drive motor using a 2 
Mega-Hertz clock. Motor protection features include 
stuck rotor shutdown, coil over-current detection and 
control, and supply fault detection. The device’s linear 
control loop controls the power drivers using Pulse 
Amplitude Modulation. | | 


BLOCK DIAGRAM 






VOLTAGE 
REFERENCE 


‘| SUMMER & 


INTEGRAL 
ERROR WORD 


SSI 32M590-Series 
5-1/4 Inch 
Motor Speed Control 





May, 1989 
FEATURES 


* Available in 8-pin DIP (SSI 32M5901), 14-pin 
DIP (SSI32M5902) or 16-pin SOL (SSI32M5902) 


¢ CMOS with single +12 volt power supply 


¢ Allmotor START, DRIVE and STOP timing and 
control 


e Includes HALL-Effect sensor drive and input 
pins 


e Highly Accurate speed regulation of +.035% 


¢ On-chip digital filtering requires no external 
compensation or adjustments 


* Provides protection against stuck rotor, coil 
over-current, and supply fault 


e Regenerative braking with shutdown 





PIN DIAGRAM 


[] HALLOUT 








N/C L} 1 16 LJ N/C 
FREF |} 2 15 {|} N/C 
HALLOUT L} 3 14}}V12 


N/C L} 4 13 [| OUTB 


— HALLIN [] 5 12 [1 N/C 
NC [] 6 11 []OUTA 
ee GND (7 10 [] SENSE 
VERCURRENT LOOP 
ieee START [] 8 9 [I N/C 


PROPORTIONAL 
ERROR WORD 


FREF 


5-1 








SENSE 


SSI 32M5902 


VOLTAGE 
EFERENCE 


! PRESETABLE COUNTER 4 SS 


HALLIN 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 


START 
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Motor Speed Control 


CIRCUIT OPERATION 


The device incorporates both analog and digital circuit 
techniques to utilize the advantages of each. The 
analog portion of the loop uses switched capacitor filter 
technology to eliminate external components.. The 
control loop uses a Pulse Amplitude Modulation (PAM) 
control scheme to avoid the switching transients and 
torque ripple inherent in Pulse Width Modulation 
(PWM) schemes. 


Abinary counter is preset once per motor revolution by 
anindex signal generated by the HALL position sensor. 
On the next index pulse, the remaining least significant 
bits are loaded into the proportional D/A and accumu- 


PIN DESCRIPTION — 












motor. 


HALLOUT 
HALLIN 7 > 4 


_ 
OUTA, OUTB 7 














transistors. 





and floating. 


START 


TYPE DESCRIPTION a 


FREF Frequency Reference Input. A TTL compatible input used by the device to 
set and maintain the desired motor speed and operate circuit blocks. | 


Provides a regulated bias voltage for the HALL effect sensor inside the 


HALL Sensor Input. The TTL open-collector type output of the motor’s Hall 
switch feeds this input which has a resistor pullup to the HALLOUT bias 
voltage. Refer to Figure 1 for input timing. 


Driver Outputs. These two driver outputs drive the external power transis- 
tors, such as TIP120 NPN Darlington power transistors as shown in the 
typical application. The power transistors control the motor current through 
the current setting resistor Re. The motor current is V (sense)/Re. During 
normal operation, the drive voltages are adjusted as necessary to maintain 
the proper motor speed and drive current. Regenerative braking is accom- 
plished with self biasing of the power transistors thru resistors Rb with power 
shutdown. Refer to Figure 1 for output timing. 


Coil Current Sense Line. Senses the coil current and limits the sense 
voltage to the threshold by limiting the drive to the external power 


No Connection, 14-pin package only. These pins must remain unconnected 


lated by asaturation accumulator. The most significant 
bits are loaded into the integral D/A. The size of the 
accumulator and the bit locations determine the major 
scaling (within a factor of two) for the gain and zero 
location of the filter. To prevent overflow in the propor- 
tional D/A the counter is decoded to detect overflow, 
and the proportional D/A is saturated as needed. The 
overflow also generates a boost signal used in the 
summer. The range of the accumulator is larger than 
the linear range of the proportional channelto help filter 
small load disturbances that tend to saturate the pro- 
portional channel. The entire counter is also used to 
provide a time-out feature to protect the motor and 
external circuitry. 
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PROTECTION FEATURES the device interprets this delay as a stuck rotor and 
reduces the motor current to zero until such time as one 
LOW VOLTAGE DETECTION positive HALLIN transition is detected or until power is 


removed and reapplied. 
If the supply drops below the detect threshold the 
device will turn off all of the external power transistors © MOTOR COIL OVER-CURRENT 


to prevent damage to the motor andthe power devices. ods | 
P ge P i Refer to SENSE input description. Sense voltage is 


generated by current through Re shown in the typical 
SES eee sere application. The SENSE input threshold limits the 
If the delay from power onset to a positive Index = maximumcoil current. 
transition or the time interval between successive 
Index transitions is greater than the prescribed time, 


ELECTRICAL CHARACTERISTICS 






ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 
Positive Supply Voltage, VDD - 
0 











Storage Temperature -65 to +125 
Ambient Operating Temperature 0 to 70 


HALLIN, FREF, and -0.3 to VDD +0.3 
SENSE Input Voltages 






HALLOUT Current | 0 
6 


Lead Temperature (soldering, 10 sec.) 


RECOMMENDED OPERATING CONDITIONS 
Unless otherwise specified, 10.8V < V12 < 13.2V; 0 °C < TA< 70 °C; FREF = 2.00 MHz; Re = 0.40 +10% 
(2 watt); Rb = 4.7 KO + 10% (1/4 watt); 0.8 < Darlington Vbe < 1.8 





Motor Parameters: (1 to 3 platters) 

KT Torque consiant =0.015 Nt-m/amp +10% 

J Inertia | = 0.000489 Nt-m/s/s 33% where: MotorFrequency(s)_ KT 
KD Dampingfactor = 0.0000318 Nt-m/rad/sec + 33% Motor Current(s) Jxs+KD 


DC ELECTRICAL CHARACTERISTICS | 


PARAMETERS CONDITIONS 


POWER SUPPLY CURRENT 


OC etdes Drive Outputs) [ __——=SS~«wTSC* Sm 


FREF AND START INPUTS 
Input Low Voltage lil = 500 pA 


Input High Voltage lin = 100 pA 





SSI 32M590-Series | 
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Motor Speed Control 





_ DC ELECTRICAL CHARACTERISTICS (Continued) - 





HALL SENSOR INTERFACE | 
HALLOUT Bias voltage | l=5mA - 
HALLOUT Pullup Resistance | To HALLOUT Pin | 
Input High Voltage 

DRIVER OUTPUTS 


Capacity Load Drive Capability 
SENSE INPUT 





CONTROL LOOP - DESCRIPTION* 


| DividerRatio FREF/Avg. Motor Frequency 
Total iter 
CONTROL LOOP Vs SUPPLY VARIATION 


Kp (V12=13.2V) 
Kp (V12 = 10.8V) 


Ki(V12=13.2V) 2. 
Ki(Vi2=10.8V) 












START/STOP VELOCITY PROFILES 


Power on Delay to FHALL “7 io 1, 
Greater than FREF/16668 /2Plates «| 90 | | 13.0 _ sec 
jPlatters to | | 15.0 
Speed Overshoot jiPiater | 
FHALL-(FREF/16668) | 2Platters | 08 | 
ieee 
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START/STOP VELOCITY PROFILES (Continued) 


PARAMETERS CONDITIONS | MIN | 


Setting Time: Motor 
Frequency Settles to 0.05% 















NOM | 
| 90 | 
2Piatters ft | 
| 3Platters Sf 3.0 | 
pt Piatter | 0 | | 13.0 | seo | 
ce eel 
90 | 
40 | 







Stop Time (Regenerative): 







3 Platters 
4.0 


“The continuous Time Transfer Function of the on-chip control can be modeled as follows: 
H(s) = VOlS) _ Kj x (1+8/(2xnx(KpKi)) Ki = Integral gain 
F(s) Ss Kp = Proportional gain 


HALLIN | | | | | 
OUT A | _ | | | 
OUT B | | | | | 


Motor Frequency Slows to 
30% after Power is Removed 
Stop Time (Active): 


















RUN 





FIGURE 1: Firing Order 


* 


LSet cscuasnneee 
2} HALLOUT OUTB @ COIL A So 


= BG 


PTF 


“NOTE: Diode required for regenerative braking, (three amp minimum rating) 





FIGURE 2: Typical Application 
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PACKAGE PIN DESIGNATIONS 








(TOP VIEW) 
N/C Lj 1 16 LI N/C 

N/c [1 1 1411 N/C REF [] 2 16 L] N/C 

FREF [] 2 13 T]N/C HALLOUT [| 3 14 {J V12 






; HALLOUT [] 3 121] v12 Nc [] 4 13 []OUTB 
FREF [] 1 — Blivi2 HALLIN [] 4 11 JOUTB HALLIN [] 5. 12 (]N/C 
HALLOUT[}2 == 7 {JOUTB NC{}5 10 [JOUTA Nc [] 6 11 [] OUTA 
HALLIN [| 3 6 [JOUTA GND []6 9 []SENSE GND []7 10 (] SENSE 








GND [] 4 5 |] SENSE START |] 7 8 LIN/C START [] 8 9 L] N/C 
SSI 32M5901 -$S132M5902 SSI 32M5902 
8-Pin PDIP 16-Pin SOL 


14-Pin PDIP 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32M590-Seres S RR See 
8-Pin PDIP | _ $S8132M5901-CP 32M5901-CP 


14-Pin PDIP SSI 32M5902-CP 32M5902-CP 
16-Pin SOL SSI 32M5902-CL 32M5902-CL 






No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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©1989 Silicon Systems, Inc. 
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slo SSI 32M591 
JI Fens Three-Phase 5-1/4 Inch 
Jl ae Winchester Motor 


May, 1989 


DESCRIPTION FEATURES 


The SSI 32M591 is a motor controller IC designed to © CMOS with TTL/LSTTL compatible control 
ieee all sie par ee ee functions 

start, drive and brake a three-phase brushless 
spindle motor. The IC requires three external power * Single +12 volt power supply 

transistors (such as Darlington power transistors),one ° All motor START, DRIVE, and STOP timing and 
external power resistor, and an external frequency control 

ly driven and decoded by the device. The controller is 

optimized for a 3600 rpm disk drive motor usinga2  ° Highly accurate speed regulation of +.05 % 
Mega-Heriz clock. Motor protection features include =e On-chip digital filtering requires no external 

stuck rotor shutdown, supply and clock fau It detection, compensation of adjustments 

all of which are indicated by a FAULT signal, and coil P : ; 

over-current detection and control. A LOCK signal is Provides protection against stuck rotor, motor 
provided to indicate that the motor is at speed. The coil over-current, supply fault, or clock fault 
device's linear control loop controls the power drivers °¢ At speed indication provided 

using Pulse Amplitude Modulation. 








BLOCK DIAGRAM PIN DIAGRAM 





FREF( ) 


ree: 
15| | OUTC 
14 i HALL2 
13 | | FREF 
12| | HALLOUT 


HALL3(_) 
START( ) 


; | tock E 
Lock (_) : "| DETECTION F 
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CIRCUIT OPERATIONS technology to eliminate external components. The 

| control loop uses a Pulse Amplitude Modulation (PAM) 
The device incorporates both analog and digital circuit | control scheme to avoid the switching transients and 
techniques to utilize the advantages of each. The torque ripple inherent in Pulse Width Modulation 
analog portion of the loop uses switched capacitorfilter | (PWM) schemes. 


PIN DESCRIPTION 


VO | DESCRIPTION | | 


SYMBOL | 1/0 | 
VDD | 1 | 412V Power supply 
vss | tt | round 


FREF | FREQUENCY REFERENCE INPUT: ATTL compatible input used by the device to set 


and maintain the desired motor speed and operate circuit blocks. This input level must 
not exceed VDD at any time. : | , 
HALLOUT 


HALL SENSOR BIAS OUTPUT: Provides a regulated bias voltage for the Hall effect 
sensors, inside the motor. | | 


HALL SENSOR INPUTS: The TTL open-collector type outputs of the motor's Hall 
switches feed these inputs which have a resistor pullup to the HALLOUT bias voltage. 
The HALL1 input is used to index the control loop counter. Refer to figure 1 for input 
timing. | | 












DRIVER OUTPUTS: These three driver outputs drive the external power transistors, 
such as TIP120 NPN Darlington power transistors shown in the typical application. 

The power transistors control the motor current through the current setting resistor Re. 
The motor currentis V(sense)/Re. During normal operation, the driver output voltages 
are adjusted as necessary to maintain the proper motor speed anddrive current. Refer 
to figure 1 for output timing. | 


COIL CURRENT SENSE INPUT: Senses the coil current and limits the sense voltage 
to the threshold by limiting the drive to the external power transistors. 


AT SPEED INDICATOR OUTPUT: An open drain LSTTL compatible output that 
indicates with an active low that the period of the motor is within the controller's linear 
range. Because of the accuracy of the loop, the LOCK pin is a good "at speed" 
indicator. | | 


FAULT INDICATOR OUTPUT: Goes high when the motor is determined to be stalled, 
VDD is low, or FREF clock is too slow. | 


NO CONNECTION: These pins must be left unconnected and floating. 













SENSE 
LOCK 


FAULT 
N/C 
START 
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FUNCTIONAL DESCRIPTIONS 


Abinary counter is preset once per motor revolution by 
an index signal developed from the HALL1 input. On 
the nextindex pulse, the remaining least significant bits 
are loaded into the proportional D/A and accumulated 
by a saturating accumulator. The most significant bits 
are loaded into the integral D/A. The size of the accu- 
mulator and the bit locations determine the major 
scaling (within a factor of two) for the gain and zero 
location of the filter. To prevent overflow in the propor- 
tional D/A , the counter is decoded to detect overflow 
and the proportional D/A is saturated as needed. The 
overflow also generates a boost signal used in the 
summer. The range of the accumulator is larger than 
the linear range ofthe proportional channelto help filter 
small load disturbances that tend to saturate the pro- 
portional channel. The entire counter is also used to 
provide a time-out feature to protect the motor and ex- 
ternal circuitry. | 


PROTECTION FEATURES 


Low Voltage Detection 
If the supply drops below the detect threshold, the 


HALL1 


HALL SWITCH 
FIRING ORDER HALL2 


HALLS 


NORMAL OUTPUT 
FIRING ORDER 


1 1 
3 








device will turn off all of the external power transistors 
to prevent damage to the motor andthe power devices. 
The FAULT pin goes high in this condition. 


Stalled Rotor Shutdown 

If the delay from power onset to a positive index 
transition or the time interval between successive 
index transitions is greater than the prescribed time, 
the device interprets this delay as a stalled rotor and 
reduces the motor current to zero until such time as one 
positive index transition is detected or until power is 
removed and reapplied. The FAULT output goes high 
when the motor is determined to be stalled. 


Motor Coil Over-Current 

Refer to SENSE input description. The voltage gener- 
ated by motor coil current through Re is sensed as 
shown in the typical application. The sense input 
threshold limits the maximum coil current. 





FREF Clock Fault 

If the FREF frequency drops below the specified mini- 
mum frequency, the driver will shut down and the - 
FAULT pin will go high. 


' 1 ] 
60° ROTATION ———#>, 


FIGURE 1: HALL Switch/Driver Timing Relationship 
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ELECTRICAL CHARACTERSTICS 


ABSOLUTE MAXIMUM RATINGS | 7 
Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not © 
intended and should be limited to those conditions specified in the DC operating characteristics. oe 


FAULT and LOCK Pin Voltage Vv 
HALLOUT Current 
2000 °C 


Lead Temperature (soldering, 10 sec) 


RECOMMENDED OPERATION CONDITIONS 


DC Supply Voltage, VDD 12.0 
Ambient Temperature, Ta ee ee 
ee, 
De ee eel 


Emitter Resistor, Re | 302 | 4 | .408 
Power Darlington Vbe _ | 08 | 
Motor Parameters (1) Motor Frequency (s)___ KT - 


Motor Current(s) Js+KD 


KT, Torque Constant Range (0.15 Nt-m/A nom) -10 — +10 % 























Nom | MAX | UNITS 
| 








E 
ee 


J, Inertia Range (489x10° Nt-m-sec? nom) 
KD, Damping Factor Range (31.8x10°° Nt-m/rad/sec nom) -33 
Winding resistance (2) 

Winding inductance 

Back EMF (2) 


Notes: | 
(1) The motor parameters given are for atypical motor. The device will work for a range of motors near this 
nominal motor. | | 





(2) The motor must have a back EMF less than 10 volts peak (measured from center tap to drive transistor | 
collector/drain) at speed to insure linear operation of drive transistors and a coil resistance small enough 
to insure adequate start current. 
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DC ELECTRICAL CHARACTERISTICS. 
Unless otherwise specified, 10.8V<VDD<13.2V: 0°C<TA<70°C; FREF = 2.000MHz; Re = 0.4 Ohms; 
Motor Configuration is 4-pole 3-phase center-tap "Y". 


|PARAMETER | CONDITIONS ~— | MIN | NOM | MAX | UNITS _ 


Power Supply Current 


ICC Clock Active 30 mA 
1(HALLOUT) = 15mA 
1 Driver loaded to = 5 mA 
2 Drivers unloaded 


| _PowerDissipation | 800 | 


Fault Detection 


Low Voltage Detect V 
Threshold = 


Input Logic Signals - ‘FREF' and 'START' Inputs 


Vil InputLow Voltage | 
i, Input Low Current : 
Vin, Input High Voltage | 


liH, Input High Current Vin = 5 
Output Logic Signals - 'LOCK' and 'FAULT' Pins 


Vol Isink = 2mMA 
Vout = VDD 
HALL Sensor Interface 


HALLOUT Bias Voltage l=Oto-15mA 


























al 
(o>) 
(ep) 

© 
S © 


—_ 
© 








fo) 
fo) 
Be 





HALL1,2,3 Pullup Resistance | To HALLOUT pin 


Input Low Voltage ee 
Input High Voltage Cs 


Driver Outputs 


Sink Capability Vol = 0.5V 
Source Capability Voh = 3.0V —5. 


Capacitive Load Drive 
Capability 


Sense Input And Over-Current Control 


Threshold Voltage | Ot 


Input Current 


& 





50.0 


oni 
o|e 
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AC ELECTRICAL CHARACTERISTICS 
Unless otherwise specified; 10.8V < VDD < 13.2V; 0°C < TA < 70°C; FREF = 2.000 MHz; Re=0.4 Ohms. 


[PanaweTeR —[-conpmons | wn | wom [ wax | unrrs 


Fault Detection ee 


Stalled Rotor Shutdown Time TT ae 0.850 [Te 0.900 a 


Low FREF Shutdown 


Threshold 


Lock Indication 


Divider Ratio 





instantaneous Speed Error Referenced to 60Hz —0.035; 06.07 6.015 Yo 














Index to Index Jitter 
(16/FREF) 


Loop Bandwidth 


Total jitter | Te a ee ee ee 










Nominal motor 
Re = 0.400 






- Loop Zero 







Re = 0.400 
Minimum Running Current | Re = 0.400 
Start Current Re = 0.400 

Input Logic Signals-"FREF' and 'START' Pins 


Input Capacitance [TT TT 


Hall Sensor Interface 


Input Capacitance Te 
| Sense Input and Overcurrent Controt 


Sense Input and Over-current Control 
Input Capacitance eRe EE HOE Se BE ae 
“Control Loop Notes: 


Running current limits refer to capabilities during speed correction. 
The motor control loop consists of counters, logic, and digital-to-analog converters that provide loop time 
constants. The continuous time transfer function of the on chip control can be modeled as follows: 


H(s) = Ve(s) _ Ki Kl Kp 
Fm(s) Ss 


Vc(s) is the voltage applied to the external setting resistor Re by the modulator. By adjusting the value of Re 
the gant the motor sees can be sdb as can the eau current. | 


Maximum Running Current 
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FREF 


HALLOUT 





Typical Application Diagram 


. 0589 5-13 


SSI 32M591 
Three-Phase 5-1/4 Inch 
Winchester Motor Speed Control 





PIN DIAGRAM — — | THERMAL CHARACTERISTICS: ja 


TOP VIEW) (Sin 


16-Pin SOL 105°C/W 





SENSE VDD 


OUTB OUTC 
OUTA HALL2 
N/C FREF 
N/C HALLOUT 
LOCK START 
| FAULT HALL1 


VSS 





HALL3 


16-Pin DIP 





ORDERING INFORMATION 


PART DESCRIPTION 


SSI 32M591 16-Pin Plastic DIP 













SSI 32M591-CP 32M591-CP 3 
SSI 32M591-CL 32M591-CL 









SSI 32M591 16-Pin SOL 


No responsibility is assumed by SSI for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSI. SSI reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32M593A is a motor speed control IC de- 
signed to provide all timing and control functions 
necessary to start, drive, and brake a 3-phase, 4 or 8 
pole brushless DC spindle motor. External Darlington 
power transistors or external power FETs may be used 
by the SSI 32M593A to drive the spindle motor. 


The motor Hall sensors are directly driven and de- 
coded by the device. The controller is optimized fora 
3600 rpm motor using a2 MHz clock. Motor protection 
features include jammed platter shutdown, supply and 
clock fault detection, all of which are indicated by a 
FAULT signal, and coil over-current detection and 
control. ALOCK signal is provided to indicate that the 
motor is at speed. The device’s linear control loop 
controls the power drivers using Pulse Amplitude 
Modulation. 


The SSI 32M593A requires a +12V power supply, and 
is available in 20-pin DIP or SO packages. 


BLOCK DIAGRAM 


FREF 


START 


MODE 


FMOTOR 






MMUTAT 
Lock co card ION 
REVERSE, 
FORWARD 


POCOOOOOOONIOC OU C0O0000O0000O00O0OOO00S 






So 


= behead —" PROPORTIONAL { 
heer! ACCUM. [ 


VREF 
T V2 iv, 
| S & 
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May, 1989 
FEATURES 
¢ 3-phase bipolar or unipolar operation 
e 4or8-pole operation 
¢ 3600 rpm speed control using a 2 MHz clock 
¢ Highly accurate speed regulation of +0.037% 
¢ At speed indication provided 
¢ Active braking function 
¢ Output pre-driver for center tap or non-center 

tap windings 


¢ Drives complementary Darlington power tran- 
sistors or complementary power FETs 

¢ Power supply fault protection 

e Motor over-current protection 

¢ Multiple retry on jammed spindle 

e Single +12 volt power supply 





PIN DIAGRAM 


LOCK | 
HALLS 
FREF 

HALLOUT 
‘HALLI 

FMOTOR 
GND 

START 

OUTUPA 

HALL2 


OUTUPB 
OUTUPC 
FAULT 
voD 
MODE 
UENABLE 
OUTB 
_OUTA 
SENSE 
OUTC 


2 
3 
4 
5 
6 
7 
8 
9 


—s 
oO 





20-PIN DIP or SOL 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 


The SSI 32M593A uses a mix of analog and digital 
techniques to accomplish speed control. The control 
signal is generated by analog conversion of a digital 
speed error term developed by examining the contents 
of a count-down counter once per motor revolution. 
The sign and magnitude of the remainder controls the 
amplitude of a correction signal applied to the motor. 
Commutation timing, developed from motor generated 
HALL signals, applies the correction in the proper 
phase sequence. 


The device uses a Pulse Amplitude Modulation (PAM) 
scheme rather than Pulse Width Modulation (PWM) to 
avoid the switching transients and torque ripple inher- 
eni in PWM. 


In operation, the SSI 32M593A is installed in a closed 
loop control system that maintains the speed of a 
3—Phase Brushless DC motor. By monitoring the 
~ HALL signal outputs of the motor, a control voltage is 
developed using both digital and analog techniques. 
The analog portion of the control loop uses switched 
capacitor techniques to eliminate the need for any ex- 
ternal passive components required for loop compen- 
sation. An operation description of the circuit follows. 


CONTROL LOOP 


Referring to the block diagram, the major sections of 
the control loop are a 19-stage Counter, Integral and 
Proportional channels, D/A’s and a Summer. 


The speed error is determined by examining the con- 
tents of the counter once per revolution. The counter 
is preset once per revolution by an INDEX signal 
developed from the HALL1 input, at the same time any 
remainder resulting from a 500 KHz count-down rate is 
loaded into a latch. 


The lower LSB’s of the latch, except for the LSB, are 
used to drive the Proportional D/A while the entire 
contents of the latch are accumulated to control the 
Integral Channel. The MSB’s of the accumulator drive 
the Integral D/A. 


If the contents of the counter indicate that the speed is 


outside the linear regulation range (+0.037%), this is 
decoded as a “FAST” or “SLOW” condition. Under 
these conditions the Proportional D/A output is driven 
to either end of its range, as appropriate. Under a slow 
condition, a fixed reference eee is supplied to the 
output drives. 


The Summer then outputs a control voltage (VC) con- 
sisting of a bias voltage plus or minus the sumof the two 
D/A outputs. 


The Integral and Proportional channels perform sev- 
eral functions related to the operation of the control 
loop. One function is to control loop stability by main- 
taining the loop zero at 1 Hz. In operation this trans- 
lates to the Integral channel responding to major bias 
point changes while the Proportional channel takes 


_ care of minor perturbations to the loop. 
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COMMUTATION 


The summer output is channeled to the appropriate 
OUTA, B, C output according to the timing shown in 
Figure 1. To reduce switching transients, the outputs 
are slew rate controlled during each transition. 


OUTUPA, B, C outputs cycle between approximately 
VDD in the OFF state and GND in the ON state also 
according to Figure 1. Again, rise and fall times are 
controlled during transitions. 


MOTOR COIL OVER-CURRENT 


Refer to SENSE input description. Sense voltage is 
generated by current through Re shown in the typical 
application. The SENSE input threshold limits the 
maximum.coil current. 
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HALL SIGNAL AND FMOTOR TIMING 


F MOTOR 


i \ 
' 

FORWARD FIRING ORDER ) 

1 


OUTUPA 


OUTUPB 


OUTUPC 





REVERSE FIRING ORDER 
(ACTIVE BRAKING) 


OUTUPA 
OUTUPB 


OUTUPC 


NOTE: Figure shows commutation of a 4-pole device. 8-pole devices apply same firing order twice per revolution. 





FIGURE 1: Commutation Timing Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


FAULT CONDITIONS 


Four conditions cause an active high on the FAULT 
output pin, also disabling all drivers except as noted : 





Low power supply - VDD < Vivat 
No FREF clock - FREF < Fmin 


Stalled motor. If the delay from power onset to 
a positive HALL index transition or the time 
interval between successive HALL index transi- 
tions is greater than the specified time, the 
device interprets this delay as a stalled motor, 
reduces the motor current to zero and performs 
three retry cycles. !f the motor continues to be 
stalled after three retries, then motor current is 
reduced to zero until such time as one positive 


(4) 


HALL index transition is detected, the START 
_ pinis toggled, or power or FREF is removed and 


re-applied. After the fourth try, FAULT goes 
high. (See Figure 2.) 


-Reverse shutdown speed. During active braking 


(START=0) the HALL sensors phasing is 


_ changed to apply a reverse torque to the motor 


until the motor speed drops below the reverse 
shutdown speed at which time the drivers turn off 
to deny power to the motor and FAULT goes 
high. If UENABLE is high (non-center tapped 
motor) the device will perform passive braking 
after the motor speed drops below the reverse 
shutdown speed by enabling the lower drivers, 
OUTX, to dissipate any remaining coil energy. 


Thea upper drivers O! ITIL IDY ara naff 


our VAs ww URE SNR CAL WET. 


(See Figure 3.) 


FIGURE 2: Jammed Platter Sequence 
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START ACTIVE BRAKING PASSIVE BRAKING 
OUTX FORWARD COMMUTATION REVERSE COMMUTATION OUT X = 1 (UENABLE = 1) 
OUTUP X OUTUP X =0 


FMOTOR F= 3600 rpm 281 rpm < F < 3600 rpm F < 281 rpm 
LOCK 
(ACTIVE LOW) 





FIGURE 3: Active Braking Sequence 
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PIN DESCRIPTION 


TYPE DESCRIPTION | 


+12V Power Supply 
Ground 


The reference clock input used to set motor speed and operate circuit 
blocks. 


A high level on this pin enables the motor. The START input must be low 
during power-up and should conform to Ts set-up time. Active braking is 
enabled by applying a logic “zero”. During active braking the commutation 
is changed to apply a reverse torque to the motor until the motor velocity 
drops below 281 rpm. | | 





MODE 


UENABLE 


Mode Control. When tied high (to VDD) selects 8-pole operation where 
HALL1 signal is divided by four to generate an index signal. When left open, 
4-pole operation is selected and HALL1 is divided by two. 


Tying UENABLE to GND forces all upper outputs to their off state and 
disables passive braking. UENABLE must be tied to GND for unipolar 
center-tapped motors. Tied high or floating, UENABLE = 1 and drives 
bipolar motors. 





FAULT FAULT goes active high indicating low VDD, no FREF, a stalled motor, or 
| motor velocity below the reverse shutdown speed. 
LOCK LOCK goes active low when the motor frequency is within a specified lock 


| FMOTOR 
HALLOUT 


HALL1, 2,3 


range. 


-FMOTOR frequency indicates the motor speed, nominally 3600 rpm. 
FMOTOR is derived from HALL1. 


Coil Current Sense Input. Senses the coil current and limits the sense 
voltage to the specified threshold by limiting the voltage from the lower 
drivers. (OUTX) 


Hall Sensor Bias Output. Provides a regulated bias voltage for the hall effect 
sensors. | . 





Hall Sensor inputs that determine commutation. The TTL open-collector 
type motor outputs drive these inputs, which have internal resistor 
pullups referenced to the HALLOUT bias voltage. 


Upper motor CMOS level outputs that drive either Darlingtons or PFETs. 


Lower Driver Outputs. These three driver outputs drive external Bipolar 
or NFET power transistors to control the motor current through the current 
setting resistor Re. The motor current is V(sense)/Re. During normal 
operation, the drive voltages are adjusted as necessary to maintain the 
proper motor speed and drive current. 


OUTUPA, B, C 


OUTA, B, C 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 


°C 




















PARAMETER CONDITIONS 
VDD supply voltage pt 
IDD supply current includes output driver current 


PDD power dissipation loutA or B, orC =-10 MA 
loutupA, or B, orC = 10 mA 
IHALLOUT = -10 mA 


=k 
en) 
© 


12 
20 
240 





me 
co 
© 


as 


ar?) 


FREF clock frequency 


TTL Inputs START, FREF, VENABLE 

Vil input low voltage 
Vin __ input high voltage | 
START set-up time (Ts) 





NO 





Vil input low voltage Hoe ed 
Vin input high voltage : 
HALLX Input 

Vil input low voltage Ee ante ee 
Vih input high voltage 3.0 
Input Pullup-Pulldown Resistance 

Internal pullup resistance 
Internal pullup resistance 
Internal pulldown resistance 


Input capacitance All inputs 


= 
uo 


< 
ws) 
Oo 
a 
- 





—_ 
an) 


|: 





BAS 


A 
e 


I) 
os) 
A 
2) 


N 
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ELECTRICAL CHARACTERISTICS (Continued) , 


PARAMETER CONDITIONS / MIN | Nom | Max | UNIT 
SENSE voltage threshold if exceeded, driver voltage 1.0 1.1 V 
| __ is limited | 


Input current j-too | - | +100 | pa 
Open Drain Outputs LOCK, FMOTOR, FAULT | | 
Vol output low voltage loL= 2 mA peer e- 
Typical external pullup resistor a ie 10 - | KQ 


FAULT Indication 
Vivat, low voltage 
Fmin, loss of FREF | a : 100 | Hz 


drivers on, drivers off | - | oe | - | sec 
ee ace eee ee ee 



















Stuck motor, start pulses 
Number of start pulses 








Reverse shutdown speed 
LOCK Indication 


Measure at FMOTOR, FREF =| 3594 | 3600 | 3607 | rpm 
2 MHz, 10.8 < VoD < 13.2 | +037 | % 


HALL Sensor Interface 






HALLOUT bias voltage 10.8 < VDD < 13.2, V 
lload = -5 mA 
| 10.8 < VDD < 13.2, V 
| lload = -10 mA | | 
Driver Outputs (FHALLX > 100 Hz, Vivdt < VDD < 13.2, CL < 500 pF unless otherwise specified.) — 
Slew rate All driver outputs 150 - 500 | V/msec 


load = -7.5 mA 


lload = -100 pA, 
10.8 < VDD < 13.2 


Vol off state _ lload = 3.4mA, 
5.0 < VDD < 13.2 


| OUTUPX ~ fload = 10 mA 


Voh off state lload = -5 mA © 


Voh off state ~ fload = -2 mA, 
1 5.0< VDD < Vivdt 
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APPLICATION INFORMATION 


Power Transistors 


Re, Emitter Resistor po 882 I 


Power Darlington Vbe Typical device: TIP 125, 1.8 V 
TIP 120 


Power FET Vth Typical device: IRFT 001 | 6 | ov 
Power FET Rds (on) aaa 


Power FET BVds 
The SSI 32M593A MSC is optimized for use with a5 1/4" three-platter Winchester motor. The device will work 


Motor Parameters 
for arange of motors near this nominal motor. Attempts to use a significantly different motor may require care- 
ful choice of a sense resistor for good spin-up and regulation. 


KT, Torque Constant Range (0.015 Nt-m/A nom.) 
J, Inertia Range (489 x 10° Nt-m-sec 2 nom.) 


(31.8 x 10° Nt-m/rad/sec nom.) 


KT 
Js +KD 



































| KD, Damping Factor Range 


~ Note: Motor Frequency (s) 
Motor Current (s) 








Control Loop Parameters 


The motor control loop consists of counter, logic, and digital-to-analog converters that provide loop time 
constants. The continuous time transfer function of the on-chip control can be modeled as follows: 


Vc(s) _ Ki Where: Ki = Integral Channel Gain 
H(s) vp Kp = Proportional Channel Gain 





Vo(s) is the voltage applied to the external sense resistor (Re) by the modulator. By adjusting the value of Re, 
the gain the motor sees can be adjusted as can the starting current. 


Re = 0.400 
Running current _ Re = 0.400 
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- 1RFTOO1 


ae LOCK OUTUPB pH 
HALLS OUTUPC = 


FREF FAULT | 18 
| HALLOUT VDD 
HALL MODE 
FMOTOR ~ UENABLE | 15. 
GND OUTB | 14 
START _ 
OUTUPA 


HALL2 


NOTE: Incases where motor coil voltages are noisy with complex transients, stability can be improved by snubber (filter) circuits 
on each coil. A series RC filter to ground is suggested with the following values: (R = 10Q, C = 4.7pF). 





Typical Three-Phase, 4-Pole, Bipolar, 
Non-Center Tapped Motor Using A Power FET Module 
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LOCK 









HALL3 







FREF 







HALLOUT 







HALL1 


FMOTOR 







GND 


Typical Three-Phase, 8-Pole, Unipolar, 
Center Tapped Motor Using A Power Darlington. UENABLE Must be Tied to GND. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


LOCK 
HALL3 
FREF 
HALLOUT 
HALL1 
FMOTOR 
GND 
START 
OUTUPA 
HALL2 


OUTUPB 
OUTUPC 
FAULT 
VDD 
MODE 
UENABLE 
OUTB 
OUTA 
SENSE 
OUTC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


— 
oO 





20-Pin DIP or SOL 





ORDERING INFORMATION 


PART DESCRIPTION | ORDER NO. 


SSI 32M593A Three-Phase SOL SSI 32M593A-CL 
SSI 32M593A Three-Phase PDIP SSI 32M593A-CP 











PKG. MARK 


32M593A-CL 
32M593A-CP 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32M594 is a motor speed control IC designed 
to provide all timing and control functions necessary to 
start, drive, and brake a 3-phase, 4 or 8 pole brushless 
DC spindle motor. External Darlington power transis- 
tors or external power FETs may be used by the 
SS! 32M594 to drive the spindle motor. 


The motor Hall sensors are directly driven and de- 
coded by the device. The controller is optimized for a 
3600 rpm motor using a 2 MHz clock. Motor protection 
features include jammed platter shutdown, supply and 
clock fault detection, all of which are indicated by a 
FAULT signal, and coil over-current detection and 
control. ALOCK signal is provided to indicate that the 
motor is at speed. The device’s linear control loop 





controls the power drivers using Pulse Amplitude 


Modulation. 


The SSI 32M594 requires a+12V power supply, andis 


available in 20-pin DIP or SO packages. 


SSI 32M594 
Three-Phase Delta 
Motor Speed Controller 
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FEATURES 

¢ Supports wide range of DC brushless 3-phase 
motors, including 3 1/2" motors 

¢ 4or8-pole operation | 

¢ 3600 rpm speed control using a 2 MHz clock 

¢ Highly accurate speed regulation of +0.037% 

¢ Provides for gain scaling of the motor current 
voltage 

¢ At speed indication provided 

¢ Active braking function 

¢ Output pre-driver for center tap or non-center 
tap windings | 

¢ Drives complementary Darlington power tran- 
sistors or complementary power FETs © 

¢ Power supply fault protection 

¢ Motor over-current protection 

¢ Multiple retry on jammed spindle 

¢ Single +12 volt power supply 





BLOCK DIAGRAM 


FREF 






CLKGEN 


DACOUT 


DACIN 





COMMUTATION 


> FAULT 
OUTPUT 
CONTROL 


VOLTAGE 
REFERENCE HALLOUT 
HALLOUT 
igen gn 
3 





3 
REVERSE, 
FORWARD 


OUTUPX 
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FUNCTIONAL DESCRIPTION 


The SS! 32M594 uses a mix of analog and digital 
techniques to accomplish speed control. The control 
signal is generated by analog conversion of a digital 
speed error term developed by examining the contents 
of a count-down counter once per motor revolution. 
The sign and magnitude of the remainder controls the 
amplitude of a correction signal applied to the motor. 
Commutation timing, developed from motor generated 
HALL signals, applies the correction in the proper 
phase sequence. 


The device uses a Pulse Amplitude Modulation (PAM) 
scheme rather than Pulse Width Modulation (PWM) to 
avoid the switching transients and rave ripple inher- 
enti uu P VM. 


The SSI 32M594 generates a motor current voltage 
which is related to the motor speed error. This is 
implemented on the IC by digital/analog techniques, 
converting a motor frequency error derived from a 
reference clock and digital counter into a voltage using 
switched capacitor D/A's. The voltage Vc translates 
into a motor current across Re regulating motor speed. 


In operation, the SSI 32M594 is installed in a closed 
loop control system that maintains the speed of a 
3-Phase Brushless DC motor. By monitoring the 
HALL signal outputs of the motor, a control voltage is 
developed using both digital and analog techniques. 
The analog portion of the control loop uses switched 
capacitor techniques to eliminate the need for any ex- 
ternal passive components required for loop compen- 
sation. An operation description of the circuit follows. 


CONTROL LOOP 


Referring to the block diagram, the major sections of 
the control loop are a 19-stage Counter, Integral and 
Proportional channels, D/A’s and a Summer. 


The speed error is determined by examining the con- 
tents of the counter once per revolution. The counter 
is preset once per revolution by an INDEX signal 
developed from the HALL1 input, at the same time any 
remainder resulting from a 500 KHz count-down rate is 
loaded into a latch. 


The lower LSB’s of the latch, except for the LSB, are 
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used to drive the Proportional D/A while the entire 
contents of the latch are accumulated to control the 
Integral Channel. The MSB’s of the accumulator drive 
the Integral D/A. 


If the contents of the counter indicate that the speed is 
outside the linear regulation range (+0.037%), this is 
decoded as a “FAST” or “SLOW?” condition. Under 
these conditions the Proportional D/A output is driven 
to either end of its range, as appropriate. Under a slow 
condition, a fixed reference voltage is supplied to the 
output drives resulting in a start current of Vref/Re. 


When LOCK is low, the control voltage, VDAC, from 
the summer is used to generate the motor running 
current. VDAC is a summation of integral channel 
voltage which cancels out offsets in the loop and motor 
losses, and aproportional channel voltage which tracks 
speed variations from the counter. The two channel 
voltages are then summed and weighted. The control 
voltage applied is externally scaleable by resistors R1 


~ and R2 at DACOUT and DACIN (see Typical Applica- 


tion diagram) to fit a wide range of motors including 
those used in 3 1/2" drives. Note that Re affects start 
current while R1 and R2 affect running current as 
running = Vpacin/Re. 


The Integral and Proportional channels perform sev- 
eral functions related to the operation of the control 
loop. One function is to control loop stability by main- 
taining the loop zero at 1 Hz. In operation this trans- 
lates to the Integral channel responding to major bias 
point changes while the Proportional channel takes 
care of minor perturbations to the loop. 


COMMUTATION 


The summer output is channeled to the appropriate 
OUTA, B, C output according to the timing shown in 
Figure 1. To reduce switching transients, the outputs 
are slew rate controlled during each transition. 


OUTUPA, B, C outputs cycle between approximately 
VDD in the OFF state and GND in the ON state also 
according to Figure 1. Again, rise and fall times are 
controlled during transitions. 
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HALL SIGNAL TIMING 


t { ! 





REVERSE FIRING ORDER 
(ACTIVE BRAKING) 


NOTE: Figure shows commutation of a 4-pole device. 8-pole devices apply same firing order twice per revolution. 





FIGURE 1: Commutation Timing Diagram 
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MOTOR COIL OVER-CURRENT 


Refer to SENSE input description. Sense voltage is 
generated by current through Re shown in the typical 
application. The SENSE input threshold limits the 
‘maximum coil current. | 


FAULT CONDITIONS 


‘Four conditions cause an active high on the FAULT 
output pin, also disabling all drivers except as noted : 


(1) 
(2) 


(3) 


Low power supply - VDD < Vivat 
No FREF clock - FREF < Fmin | 
Stalled motor. If the delay from power onset to 


a positive HALL index transition or the time . 


FUNCTIONAL DESCRIPTION (Continued) 


interval between successive HALL index transi- 
tions is greater than the specified time, the 
device interprets this delay as a stalled motor, 
reduces the motor current to zero and performs 
three retry cycles. If the motor continues to be 
stalled after three retries, then motor current is 
reduced to zero until such time as one positive 
HALL index transition is detected, the START 
pin is toggled, or power or FREF is removed and 
re-applied. After the fourth try, FAULT goes 
high. (See Figure 2) 

Reverse shutdown speed. During active braking 
(START = 0) the HALL sensor's phasing is 
changed to apply a reverse torque to the motor. 
until the motor speed drops below the reverse 


_ shutdown speed at which time the drivers turn off 


to deny power to the motor and FAULT goes 
high. (See Figure 3) 








FIGURE 2: Jammed Platter Sequence 


START) ———————-~\_ ss ACTIVE BRAKING PASSIVE BRAKING 
UT 
Sis : FORWARD COMMUTATION REVERSE COMMUTATION 


(ACTIVE LOW) | | 







OUT X = 1 


UENABLE = 
OUTUP X=0 ( ston ae, 


FIGURE 3: Active Braking Sequence ~ 
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PIN DESCRIPTION 


lame | TYPE DESCRIPTION 
NE nie +12V Power Supply 


Ground - 

FREF The reference clock input used to set motor speed and operate circuit | 
blocks. 
A high level on this pin enables the motor. The START input must be low 


START 
during power-up and should conform to Ts set-up time. Active braking is 
MODE 


enabled by applying a logic “zero”. During active braking the commutation 
is changed to apply a reverse torque to the motor until the motor velocity 
FAULT 
SENSE 


drops below 281 rpm. 


-Mode Control. When tied high (to VDD) selects 8-pole operation where 
HALL1 signal is divided by four to generate an index signal. When left epen 
4-pole operation is selected and HALL1 is divided by two. 


FAULT goes active high indicating low VDD, no FREF, a stalled motor, or 
motor velocity below the reverse shutdown speed. 


LOCK, open drain active low, goes active low when the motor ieauency| is 
within a specified lock range. 


Coil Current Sense Input. Senses the coil current and limits the sense 
voltage to the specified threshold by limiting the voltage from the lower 
drivers. (OUTX) 


Hall Sensor inputs that determine commutation. The TTL open-collector 
type motor outputs drive these inputs, which have internal resistor 
pullups referenced to the HALLOUT bias voltage. 


HALL1, 2,3 


OUTUPA, B, C 
OUTA, B, C 


Upper motor CMOS level outputs that drive either Darlingtons or PFETs. 


Lower Driver Outputs. These three driver outputs drive external Bipolar 
or NFET power transistors to control the motor current through the current 
setting resistor Re. During normal operation, the drive voltages are adjusted 
as necessary to maintain the proper motor speed and drive current. 


Reference voltage for motor current. 


DACIN 


DACOUT 


Summer Output (VDAC). The summation of integral and proportional © 
channel voltages. 





HALLOUT Pe Hall Sensor Bias Output. Provides a regulated bias voliage forthe hall effect 
sensors. 
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ABSOLUTE MAXIMUM RATINGS | . 


Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specified in the DC Operating Characteristics. 


| PARAMETER RATING 


C 
Package Temperature, SO (20 sec. reflow) — CC 


Input, Output pins -0.3 to VDD +0.3 V 







Inputs and outputs are protected from static charge using built-in ESD and Latchup protection devices. 


ELECTRICAL CHARACTERISTICS (Unless otherwise specified Vivdt <VDD<13.2V.) 


| PARAMETER CONDITIONS : 
| vo suppy vottage 0 
| IDD supply current sy includes output driver current | 


PDD power dissipation loutA or B, orC =-10 MA 
 loutupA, or B, or C = 10 mA 
IHALLOUT = -10 mA. 
























—_—- 
© 
© 









FREF clock frequency 


<a 





MODE Input : 


HALLX Input 

VIL Input Low Voltage Pe eo eed 
VIH Input High Voltage 
Input Pullup-Pulldown Resistance 

Internal pullup resistance 


Input capacitance All inputs 
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ELECTRICAL CHARACTERISTICS (Continued) 
PARAMETER 


3594 | 3600 3607 rpm 
-0.037 +0.037 % 
eal a 


HALL Sensor Interface 


HALLOUT bias voltage 10.8 < VDD < 13.2, 
lload = -5 mA 


V 


10.8 < VDD < 13.2, 
lload = -10 mA 


Driver Outputs (FHALLX = 100 Hz, Vivat < VDD < 13.2, CL < 500 pF unless otherwise specified.) 


lload = -7.5 mA Lae 


V 
: lload = -100 pA, V 
10.8 < VDD < 13.2 
VOL off state lload = 3.4mA, V 
5.0< VDD < 13.2 
OUTUPX VOL lload = 10 mA V 
2 


VOH off state lload = -5 mA 


VOH off state lload = -2 mA, 
5.0 < VDD < Vivat 
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APPLICATION INFORMATION 


PARAMETER RECOMMENDED “Tale ae UNIT 


Power Transistors 
Power Darlington Vbe Typical device: TIP 125, 
TIP 120 


Typical device: IRFT 001 













Power FET Vth 
- Power FET Rds (on) 
| Power FET BVds 








~R1, R2 


R1/(R1 +R2) 


Ri + R2 


lrunning = —R1__ x VDAC. 
R1+R2 # Re 


Where VDAC =Kp* Af+Ki* JAf*At 

Kp = Proportional constant = .213 V/rad/sec 
Ki = Integral constant = 1.33 V/rad 

Aft = Frequency error 


Motor Parameters 


The SSI 32M594 MSC is optimized for use with a wide range of Winchester motors including 3 1/2" motors. 
oe Constant Range (KT) of 0.01 to 0.02 Nt - nVA and an Inertia Range (J) from 0.5 to 6.5 x 10 + 
Nt—m-— sec’. The choice of R1, R2 and Re will be affected by motor parameters, so some care in their 
selectch is recommended. 


Control Loop Parameters 


The motor control loop consists of counter, logic, and digital-to-analog converters that provide loop time 
constants. The continuous time transfer function of the on-chip control can be modeled as follows: 


Fi(s) s 


Vc(s) is the voltage applied to the external sense resistor (Re) by the modulator. By adjusti ng the value of Re, 
the gain the motor sees can be adjusted as can the starting current. | 
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Control Loop Parameters (Continued) 


PARAMETER RECOMMENDED 


Nominal motor, Re = 0.4Q 
Ki/Kp 


nnn: 
ee Ee 





.O 
Running current 3 





NOTE: Incases where motor coil voltages are noisy with complex transients, stability can be improved by snubber (filter) circuits 
on each coil. A series RC filter to ground is suggested with the following values: (R = 10Q, C = 4.7 pF). 





Typical Three-Phase, 4-Pole, Bipolar, 
Non-Center Tapped Motor using a Power FET Module 
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FAULT | 18 
COILA 


vob | 17 , 

DACIN eS 

DACOUT 
R2 a 

OUTB 


OUTA 


SENSE 4 ) 
10] HALL2 OUTC FL | 7; 
Re 


- 0.42 





Typical Three-Phase, 8-Pole, Unipolar, 
Center T. apped Motor using a Power Darlington. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) for a Static sensitive component. 





LOCK OQUTUPB 
HALL3 OUTUPC 
FREF FAULT 
HALLOUT VDD 
HALL1 DACIN 
MODE DACOUT 
GND OUTB 
START OUTA 
OUTUPA SENSE 
HALL2 OUTC 





20-Pin PDIP or SOL 





ORDERING INFORMATION 


PART DESCRIPTION ORDERING NUMBER PACKAGE MARK 


SSI 32M594 Three-Phase Delta Motor Speed Controller 
20-Pin SOL SSI 32M594-CL 32M594-CL 
20-PIN PDIP SSI 32M594-CP 32M594-CP 














No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


~The SSI 32M595 is a motor speed control IC designed 


to provide all timing and control functions necessary to 
start, drive and brake a 3-phase, 4 or 8 pole brushless 
DC spindle motor. External Darlington power 
transistors or external power FETs may be used by the 
SSI 32M595 to drive the spindle motor. 


The SSI 32M595 implements a back EMF sensing 
circuit which determines when to advance the 
commutation state of the motor. No external sensors 
are required when using the 32M595. The drive 
controlling microprocessor initially starts the motor 
enabling motor current by asserting the ENABLE pin. 
The microprocessor then generates a stream of 
START pulses which initially advances the motor and 
examines the COMCLK pin for back EMF induced self- 
commutation. Once the motor has advanced with 
sufficient speed (usually within one revolution) for the 


(Continued) 


BLOCK DIAGRAM 





COUNTER 


"| BY 12/24 


=| BEMF 
| MATRIX 


:| COMMUTATION 
LOGIC 


5-39 


SSI 32M595 


Hall Sensor-Less 
Motor Speed Controller 


Vee lalexcmiavielaaircuicele 
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FEATURES 


| OUTPUT 
| CONTROL 


ENABLE BRAKE FAULT VDD GND 
MODE 


Sensor-less motor commutation 
3-phase, 4 and 8 pole bipolar motor 
operation 


Compatible with 5 and 12 volt, DELTA/Y/ 
STAR motors 


3600 rpm precise speed control using 2MHz 
clock 


External two resistor loop compensation 
Drives complementary Darlington power 
transistors or complementary power FETs 
At speed and power supply fault indicators | 
Dynamic braking on power fault or on 
command 

Motor current limiting 


Single +5V power supply 





PROP 


INTEG 


OUTUPX 


SENSE 


: LOW SUPPLY 


CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (continued) - 


back EMF sense logic to detect motion, the 
microprocessor workis done. The 32M595 willspinthe 
motor up and regulates the speed all without 
microprocessor involvement. 


Along with the back EMF sensing and commutation is 
a precise speed regulation control loop which 
regulates the motor speed. Speed regulation is 
accomplished with a hardware control loop. The 
control signal is generated by analog conversion of a 
digital speed error term developed by examining the 
contents of a count-down counter once per motor 
revolution. The Integral and Proportional channels 
have individual external gain setting resistors which 
provide . flexible adjustment of the control loop 
compensation. The Proportional and_ Integral 
channels are then summed forming an analog control 
variable. In operation this translates to the Integral 
channel responding to major bias point change while 


PIN DESCRIPTION 
a DESCRIPTION 
+5V Power Supply 


Ground 


so 
INDEX 


| SENSE 


to this input. 


predriver outputs. 


OUTUPA,B,C 


OUTA,B,C 


the proportional channel takes care of minor 


perturbations to the loop. 


The 32M595 provides both pabine on command and 
power supply fault braking. The ENABLE pin when 
asserted TRUE enables motor current to flow and 
porper operation of the back EMF commutation and 


speed regulation circuits. When ENABLE is FALSE, 


the 32M595 predrivers are configured for dynamic 
braking. During dynamic braking, the upper power 
drivers are turned off while the lower power drivers are 
turned on thereby shorting the motor windings. The 
BRAKEMODE pin determines the brake response 
when a power fault is detected. If BRAKEMODE is 
strapped to ground, dynamic braking will be initiated 
immediately on power fault. Connecting 
BRAKEMODE through an RC network can provide a 
delayed dynamic brake. While the BRAKEMODE 
voltage remains above a threshold, the power drivers 
will be turned off enabling free spin. Once below the 
BRAKEMODE threshold, dynamic braking will occur. 


Frequency Reference Input. A TTL compatible input used by the device to 
set and maintain the desired spindle speed. A 2 MHz clock should be applied 


External index signal indicating revolution speed of motor. If the SOURCE 
pin is high, this INDEX signal will be used as feed back of motor speed. 


Coil Current Sense Input. The input senses the coil current and limits the 
sense voltage to the specified threshold by limiting the voltage on the lower 


Upper predriver outputs. These three predriver outputs are used to activate 
external PFET power transistors. 


Lower predriver outputs. These three predriver outputs drive external 


Bipolar or NFET power transistors to control the motor current sensed 
across resistor Re. The motor current is equal to the voltage at SENSE 
divided by Re. When the motor is at speed, the drive voltages are adjusted 
as necessary to maintain the proper motor speed with a proper motor 


current. 
BEMF A,B,C 


Back EMF sense voltage nputs which are connected directly (for a 5 volt 


motor) or through external resistors plot a 12 volt motor) to the three motor 


terminals. 
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PIN DESCRIPTION (continued) 


TYPE DESCRIPTION | 


Sets internal divider to 24 corresponding to an 8-pole motor when logically 
high. Sets divider to 12 when logically low for a 4 pole motor. 





8-POLE 









FAULT Open drain output active low asserted when VDD is below the power supply 


fault threshold. 


Proportional channel output to be connected in series with an external 
proportional gain setting resistor and summed at the IN pin. 


PROP 


INTEG Integral channel output to be connected in series with an external 


proportional gain setting resistor and summed at the IN pin. 


SOURCE Selects source which indicates revolution rate of the motor. If logically high, 
INDEX is used as motor speed feed back. If logically low, the internally 


derived back EMF is used as motor speed feedback. 


m8) 
© 


em 
= 


Timing RC network used to delay the actual motor commutation time from 
the back EMF derived commutation time. This optional delay may be used 
to optimize motor efficiency at the target speed. This pin may be left 
disconnected. 





COMCLK 


Back EMF commutation sense clock divided by 2. Each change in level 


corresponds to an advancement in back EMF sensed commutation state. — 
This signal is used during initial startup by the microprocessor to sense the 
advancement and initial spin up of the motor. | 


Summing amplifier output pin intended to be connected in series with an 
external gain setting resistor to the IN pin. 








Input to the summing amplifier, connected through external resistors to the 
PROP, INTEG, and OUT pins. 


Neutral or center tap connection used by the back EMF sense circuit. For 
aSTAR configured motor, CT is connected directly to the center tap (through 
a resistor for a 12 volt STAR motor). For DELTA or Y configured motors, | 
three external resistors forming a DELTA to Y transformation network 
generate a neutral which is then connected directly to CT (through a resistor 
for a 12 volt motor). 













© 
_ 






BRAKEMODE Mode control determining how the 32M595 will respond to a power down 
fault. Aninternalthreshold is compared to the voltage on the BRAKEMODE 
pin. When the BRAKEMODE voltage is above the threshold and a fault is 
active, the motor will free spin. When the voltage on BRAKEMODE drops 
below the threshold, dynamic braking willbe implemented. This pin may be 


strapped to ground or tied to an RC network. , 







Open drain output active low when the motor speed is within the specified 
range. | 








Power enable. When ENABLE is low, the motor predriver is configured for 
dynamic braking, the internal FREF clock is gated off, and the component 
enters a low power state. When ENABLE is high, the FREF clockis enabled, | 
the commutation and speed control circuits are enabled, and motor current 

will flow corresponding to the commutation state in effect. 
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PIN DESCRIPTION (continued) 















DESCRIPTION 


Start clock generated by the supporting microprocessor when initially 
starting the motor. Each low to high transition advances the commutation 
state by one. While START is active high, back EMF commutation clocks 

are ignored. START may be applied regardless of the state of ENABLE ~ 
since the commutation state counter is not powered down. 





ABSOLUTE MAXIMUM RATINGS _ | | 
Maximum limits indicates where permanent device damage occurs continuous. Operation at these limits 
is not intended and should be limited to those conditions specified in the DC operating characteristics. 
















VDD Supply Voltage =~ 








| — RATING © 
051047 _ 
Storage Temperature | -65 to +150 | °C 
Lead Temperature, PDIP (10 sec. soldering) a ee &C 
Package Temperature, SO (20 sec. reflow) ————E—E 
: | 7 


Input, Output pins -0.3 to VDD +0.3 


Inputs and outputs are protected from static charge using built-in ESD and Latchup protection devices. 





ELECTRICAL CHARACTERISTICS (Unless otherwise specified Vivdt <VDD<5.25V,) 


PARAMETER ~~—~«YGonpmions—~—~=~=«YSMN| ‘NOM | MAX | UNIT 


vec suppy tage =| Cd: CS 
PD power dissipation , 
[tAambionttemperaure [ —SSSSSSC~i ST (| | 
TTL Inputs FREF | fe 7 ae 8 - 
[Vi inputlowvoltage —|_iisS00uA | eT 8 | OV 
|Vininputhigh votage | linstoowA | 20 | - | | 

ee 

et 

















Input Pullup-Pulldown Resistance 


Internal pullup resistance FREF i 
| Input capacitance | All inputs Led 
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ELECTRICAL CHARACTERISTICS (continued) 


PARAMETER CONDITIONS Tain | Nom] max | unm 


SENSE Input 
SENSE voltage threshold 
























if exceeded, driver voltage 
is limited 
Input current 


FAULT Indication 
Vivdt, low voltage | | 35 | - | 40 | v 
| LOCK Indication 


Lock range FREF = 2 MHz 3600 | 3607 %o 
Speed error 2 MHz, 4.75 <Vpp<5.25 0.037} _—_—| +0.037 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 


_ 


The SSI32B451 SCSI bus interface device is designed 
to adapt a peripheral controller (target) system to a 
small computer system interface (SCSI) bus. 


As a target adapter, the SSI 32B451 contains circuitry 
to complement the logic of the SSI 32C453 Dual Port 
Buffer Controller for SCSI arbitration; SCS!| REQ/ACK 
handshake; and parity generation and checking. In its 
role as a target SCSI adapter, the circuitry on the 
device maximizes SCSI bus performance in all phases 
and ensures conformance with the SCSI specification. 


The SSI 32B451 includes high current drivers and 
Schmitt trigger receivers which allow for direct connec- 
tion to the SCSI bus for the single ended interfacing 
option. The SSI 32B451 is intended for use in designs 
based around the SSI 32C452 storage controller and 
the SSI 32C453 Dual Port Buffer Controller. 


SSI 32B451 
SCSI Controller 





May, 1989 


FEATURES 


Supports asynchronous data transfer up to 

1.5 Mbytes/sec | 

Supports target role in SCSI applications 
Includes high current drivers and Schmitt trigger 
receivers for direct connection to the SCSI bus 
Full hardware compliance to ANSI X3T9.2 Rev. 
17B specification as a target peripheral adapter 
Contains circuitry to support SCSI arbitration, 
(re)selection and parity features . 

Complements the SSI 32C453 Buffer controller 


~ Plug compatible with AIC 500L 


Available in 44 pin PLCC 
Single +5V supply 
Fabricated in 2 micron CMOS technology 





BLOCK DIAGRAM 


| 


SEL 

mvig yl 
BO BDee eee 

C/D DRIVERS 

ine = & 

SG “| RECEIVERS |: - 

REO fnnee 

ACK 


‘| CHECKING | 
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C/DIN 
I/OIN 
MSGIN 
CLK 
BSYIN 
BSYOUT 
SELIN 


| ARBITRATION 


DATA 
| TRANSFER 
| INTERFACE 


PAR/ERR 
PAR/RST 
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FUNCTIONAL DESCRIPTION 


The purpose of the SSI 32B451 is to fulfilla support role 
within a hardware design. The device contains four 
Circuit functions which interact within the overall de- 
sign. The partial schematic in Figure 10 illustrates this 
interaction. This section describes each of the func- 
tional circuits. 


DATA TRANSFER INTERFACE 


The data transfer interface logic coordinates the trans- 
fer of data between the data transfer logic andthe SCSI 
bus. Standard two-wire DMA handshaking is sup- 
ported by the BREQ and BACK signals. This section 
is organized to connect directly with the SSI 32C453, 
Dual Port Buffer Controller, but is easily connected to 
any other data transfer control device. Before DMA 
controlled information transfer can begin, a valid con- 
nection must exist to the SCSI bus with BSY active and 
no phase error. The direction of information flow is 
controlled by the I/O In signal from the lof 208 control- 
ler or a latch. 


The device complements the buffer controller hand- 
shake timing by latching the SCS! data before transfer- 
ring into the controller buffer. This speeds the data 
transfer across the bus by reducing the REQ/ACK 
timing restraints for the SCSI bus transfers. 


In the target-in state (read operation), the data is being 
transferred from the peripheral controller to the initiator 
or the host. The buffer controller device controls when 
the buffer is accessed to pass on to the device. Once 
valid data is present on DO-D7 of the buffer data, LO is 
asserted, latching data into the device. The buffer 
controller then asserts BREQ, indicating to the device 
that valid data is in the internal latch ready to be 
transferred over the SCSI bus. The device then places 
data onthe SCSI bus and then asserts REQ. The data 
setup time required by SCSI specification is dictated 
primarily by the buffer controller. The host (initiator) 
asserts ACK indicating acceptance of the SCSI data 
transfer cycle. The device asserts BACK to the buffer 
controller logic indicating completion of that cycle. 
Refer to Read Operation timing diagram (Figure 4) for 
an illustration of this handshake. 


In the target-out state (write operation), the data is 
being transferred from the initiator to the buffer upon 
the control of the buffer controller. The buffer controller 


asserts BREQ requesting transfer of a byte of data 
fromthe initiator. The device, in turn, asserts REQ and 
the initiator responds by driving the SCSI data bus and 
asserting ACK which latches data into the device. 
BACK is asserted by the device indicating that the byte 
is latched inside the device and is available to be 
transferred to the buffer RAM. The buffer controller 
then asserts BIE to enable output of the data to the 
RAM. When the buffer controller has completed trans- 
ferring the data it negates BIE and BREQ indicating to 
the device that the cycle is complete. Refer to Write 
Operation timing diagram (Figure 3) for an illustration 
of this handshake. | 


ARBITRATION 


The purpose of this biock is io complement the logic in 

the SSI 32C453, buffer controller device, for SCSI bus 
arbitration during selection. of the target controller or 
reselection of the initiator phases. The device simply 
passes along the SEL and BSY signals as SEL IN and 
BSY IN, respectively. It also monitors the control line 
BSYOUT received from the buffer controller chip for a 
minimum of three clock periods and a maximum of four 
Clock periods (Bus-Free Delay) after which time it 
outputs BSY. 


Once the device has performed. these functions it 
leaves the actual arbitration activity to the local micro- 
controller and the buffer controller. Refer to the SSI 
32C453 specification for details of this activity. 


The SCSI signals SEL, SELOUT, BSY and BSYOUT 
received from the buffer controller are internally in- 
verted and become SELIN, SEL, BSYIN and BSY, 
respectively. The actual monitoring of these lines for 
SCSI timing specification is accomplished by the buffer 
controller. The actual arbitration activity for the SCSI 
bus is performed by the buffer controller device andthe 


local microcontroller. Refer to the SSI 32C453 speci- 
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fication for the timing of this activity. 


PARITY GENERATION 


Parity functions as ‘Odd’ parity only. For incoming 
data, the SSI 32B451 checks parity or computes and 
passes the computed bit to the buffer RAM depending 
upon the condition of PAR/RST line. For outgoing 
data, the device always computes parity on the data 
and presents to the SCSI bus. 
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For the incoming SCSI data, the device generates 
parity internally and compares it against the parity bit 
received if the PAR/RST line is high. The result of this 
comparison is latched at the PAR/ERR output signal. 
An error is indicated by a high signal at this output. To 
clear the error condition, the PAR/RST line must be 


driven to a low level. 


Alternatively, if PAR/RST is held low, the device com- 
putes parity on incoming SCSI data and presents this 
parity bit at the PAR/ERR output. This value can be 
stored in the buffer RAM for parity checking at a later 
time. 


For outgoing data, parity is always generated and 


presented for the SCSI bus on the DBP line by the 
device. 


PIN DESCRIPTION 


SSI 32B451 
SCSI Controller 





NOTE: Parity, as a function of SCSI, is optional. 
However, the SSI32B451 ignores this and works parity 
continuously. The surrounding design has responsibil- 
ity of either monitoring parity or ignoring it: 


SCSI INTERFACE 


Drivers and receivers are provided internally to the SSI 
32B451 fordirect connection to the SCSI bus. The only 
components necessary outside of the chip are the pull- 
up and pull-down resistors for the interface and receiv- 
ers for SCSI Attention and Reset signals. The data and 
parity signals received from the SCSI bus are passed 
along to the Data Transfer Interface and parity circuits 
described above. The data and parity bits to be sent 
over to the SCSI bus are buffered by this circuit. 





This section describes the names of pins, their symbols, their functions and their active states. The signals 
are grouped in four categories according to their interface to other components on the board. The four 


categories area: 


* SCSI Bus Interface 

* — Buffer Controller/Buffer RAM Interface 
* Storage Controller Interface 

* — Others 


SCSI BUS INTERFACE 


The following group of signals interface directly to the SCSI bus. All output and bi-directional lines have 48 mA . 
sinking current capability. All input buffers are Schmitt trigger inputs and all outputs have high current open 
drain buffers to allow direct connection to the SCS! bus. 


Data Bus. Buffered data bus signals interface directly to 
SCSI bus. 





Data Bus Parity. Parity bit for the SCSI data bus signals. Itis | 
always generated when data is transferred on the SCSI bus. It 
can be none on reception. Active low. 








































eR GuledGe 
response to the SSI 32B451’s REQ, and indicates valid dataon 
the 20s! DUS. AGING OW. 


Select. Active low signal used by an initiator (the host) to select 
a target or by a target to reselect an initiator. 


This signal is an input from the initiator in 
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SCSI BUS INTERFACE (Continued) 


pName =| PINE: TYPE } W/O DESCRIPTION 





BSY 25 SCSI | I/O Busy. Active low. An“OR be ‘signal thal indicates the bus i is 
| ee being used. , 
MS 1 SCSI Oo, Message. Open drain SCSI signal. Sisnaidrvenbyhedavee 


to indicate that the SCSI communication is in the message 
phase. pele ON: 





C/D 27 SCSI O Command/Data. Open drain SCSI signal driven by the device 
| _ that indicates control 0 or data information is on the data bus. 
REQ 22 | SCSI O Request. Active low true signal driven to request data byte 
transfers. Also, used to “Acknowledge” at completion of trans- | 
fer. 
vO 26 SCSI O inputiOutout SCSI igioral that cantrels the direction of data 


movement on the SCSI bus with respect to the initiator. 


BUFFER CONTROLLER/BUFFER RAM INTERFACE 
The following group of signals are associated with buffer data and control. All signals exter! the pues data 
signals interface to the SSI 32C453, Dual Port Buffer Controller. 


Buffer Request. When asserted, this signal indicates that the 
peripheral buffer controller is requesting to transfer a byte of 
data. Active high pH 





Buffer Acknowledge. When  aeeoited this signal indicates 
acceptance of data transfer. Active ugh output. 

Latch Out. Latches data into the device to be presented to the | 
SCSI bus. Active high. 
Bus In Enable. Active low. A strobe from the data transfer 
control logic which indicates it is transferring data fromthe SCSI . 

_ bus lo the local buffer. 

Bus Out Enable. Active low. A Rctebe from the sata ianciet 
control logic which indicates it is transferring data from the local 
buffer to the eet am | 





Target Enable. Active low. A dine connected to the SSI 
320453. When this signal is active it provides microcode and 
hardware control to enable all drivers except Busy onthe SCSI 
bus. 
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BUFFER CONTROLLER/BUFFER RAM INTERFACE (Continued) 


Select In. Active high. Used to pass the select line from the 
SCSI bus to the buffer controller. 
Select Out. Active re Used as an input from the buffer 
controller to indicate when to drive the select line on the SCSI 
bus. 




















Busy In. Active high. Used to pass busy from the SCSI bus to 
the buffer controller. Indicates other devices are actively 
gocessing) the bus. 













BSY OUT Busy Out. Active 2 Aish Used as an input from the buffer 
controller to indicate when to drive the busy line on the SCSI 
bus. 


Butter [ Data. These lines connect to buffer RAM data pins. 








STORAGE CONTROLLER INTERFACE 
The following group of pins interface with the SSI 32C452, Storage Controller. These lines may also be 
connected to an output port of a microcontroller or a latch. 


Message In. Active high signal from the storage controller 
drives the SCSI Mee sigial low. 








I/O In. Ahigh signal from the storage controller drives the SCSI 
fe) Sienal ONG 

C/DIn. Ahigh ae fromthe storage controller drives the SCSI 
C/D signal low. 





OTHERS 
The following group of lines are the miscellaneous signals. 


Clock. Used for clock input between 2.5 MHz and 5 MHz. This 
signal is Heed internal during the aspiration phase only. 








PAR/ERR : * Parity/Error. Logic 1 indicates a parity error detected on the 
SCSI bus when PAR/RST is held high. When the PAR/RST line | 
is held low, parity willbe passed to the controller buffer by using 
the PAR/ERR line as the parity bit for each byte. 
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OTHERS (Continued) 


ee eiee PIN # TYPE ie DESCRIPTION | 


PAR/RST Parity/Reset. When held high, the device checks SCSI bus | 
parity error by setting logic 1 (high) onthe PAR/ERR pin. When. 
held low, parity is passed through the device to the controller 
buffer with the PAR/ERR line being the parity bit. — 
















Ground. Device system ground. 





Power Supply. +5V input for power to the device. 


ELECTR 


ABSOLUTE MAXIMUM RATINGS 
(Maximum limits indicate where permanent device damage occurs. Continuous operation at these limits is 
not intended and should be limited to those conditions specified in the DC Operating Characteristics.) 


PARAMETER 


VCC with respect to VSS (GND) a 


Max. voltage « on any pin with respect to VsS_ 0. 5 to 47 

















Operating temperature | 0 to 70 


Storage temperature 55 to i. 25 


DC OPERATING CHARACTERISTICS 
(Ta = 0 to 70°C, VCC = +5V + 5%, VSS = OV) 


Input Leakage _ 0<Vin< VCC 
(BREQ, LO, BOE, BIE, ET 

SELOUT, BSYOUT, CDIN, 

/OIN, ae PAR/RST, 








so 5. < avout: < VCC 
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DC OPERATING CHARACTERISTICS (Continued) 


PARAMETER 


Input High Voltage 








AC CHARACTERISTICS 
The following sections list the timing characteristics necessary for the proper operation of the device. Unless 
otherwise specified, all timing parameters Bae to input clock frequency (2.5 MHz min. to 5.0 MHz max.). 











Output High Voltage IOH = -400 LA 





All others 





Power Dissipation 


Hysteresis Voltage 
(all SCSI signals) 


Standby Current 

















Supply Current ae 70°C 2 








Input Capacitance 





Note: AC timing is measured at Voh = 2.0V, Vol = 0 .8V, Cin = 50 pF. Timing characteristics are valid over 
the entire operating temperature, 0 to 70°C, and voltage range, 4.75 to 5.25 volts. 


CLOCK AND PARITY TIMING (See Figures 1 & 2) 


SYMBOL PARAMETER me UNITS 





Input Clock Half- -Cycle 











__ Input Clock Width 
















Data Valid to Parity Detect 


PARYERR HIGH = ODD PARITY 





FIGURE 1: Input Clock Timing FIGURE 2: SCSI Bus Parity Timing 
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WRITE OPERATION TIMING (See Figure 3) 


SYMBOL | PARAMETER : Twin | MAX 
TREQ BREQ T to REQ J 


TARQ | ACK J to REQT 

TACK _ ACK J to BACK T 

TBREQ BREQ J to BACK J 
TDV 

















































BIE T to Data Invalid 
SCSI Data Valid to ACK J 


BREQ J to Parity Error Valid 

























Note: Data from host - SCSI initiator - is transferred to buffer RAM. 


FIGURE 3: Write Operation Timing 
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READ OPERATION TIMING (See Figure 4) 


Buffer Data Valid to LO 1 
LO J to Buffer Data Invalid 
Buffer Data Valid to BREQ T 
SCS! Bus Data Valid to REQ JL 
ACK J to REQ T 

ACK J to BACK T 

ACK T to REQ J 


BREQ J to BACK J 
BOE to SCSI Data Valid 






































TACK TBREQ 
BACK 


Note: Data read from peripheral drive is transferred to the host - SCSI initiator 





FIGURE 4: Read Operation Timing 
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ARBITRATION AND CONTROL SIGNAL TIMING (See Figures5&6) : 
| 35 


4x TICLK + 40 
35 



















PARAMETER 
SELOUT T or J to SEL J or T 
BSYOUT T or J to BSY Lor T 












TBOT 
TCNT 











FIGURE 5: Arbitration Signals Timing 


 MSGIN, IOIN, 
CDIN 





FIGURE 6: SCSI Control Signal Timing 
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APPLICATION NOTES 


The SSI 32B451 supports the SS! 32C453 and the 
local microprocessor in performing all the SCSI target 
controller functions. For successful SCSI bus opera- 
tion, the target controller must follow all the require- 
ments of the SCSI protocol defined by ANSI specifica- 
tion X3T9.2 Rev. 17B. An overview of a typical SCS! 
signal sequence is shown in Figure 7. 


Before any SCSI operations can begin, the local micro- 
processor polls the BSY line through the SSI 32C453 
(BSYIN signal). When this signal is asserted, the 
microprocessor checks the arbitration I.D. asserted by 
the initiator. 


Following the Arbitration phase, the SCSI bus enters 
the Selection phase. SSI 32B451 assists the Arbitra- 
tion and Selection phases by passing the two control 
signals, BSY and SEL, and the SCSI I.D. to the SSI 


TABLE 1: Bus Phase Signal Sources 






SY 
All 
& T 
& T 





SIGNALS 


ee a os oe 
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32C-453 and the local buffer, respectively. Other phases 
following Arbitration and Selection are command, data 
in, data out, status, message in and message out. 
Table 1 shows the various phases and their sources. 


Table 2 shows the various control signal status during 
different SCSI phases. Being a target device, the SSI 
32B451 drives these control lines out on the SCSI bus. 


The SS! 32B451 requires local microprocessor super- 
vision for successful operation over the SCSI bus. 
Firmware support forthe local microprocessor consists 
of various routines. Flow charts for these routines are 
shown in Figures 8 and 9. 


SCSI SPECIFIC INFORMATION 


This information from the ANSI Standard for the Small 
Systems Computer Interface is provided to assist in 
implementing a SCSI based controller with the SSI 
32B451. 


C/D, VO, DB7-DBO 


MSG, REQ 


ACK/ATN 


None 
SCSI ID 
Initiator 
Target 
Initiator 


Target 


Initiator 


Target 


Initiator 
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DEFINITIONS FOR TABLE 1 1& T: This signal is driven by the initiator, target or 
a both as specified in the selection or ESE ICE? 

All: The signal is driven by all SCSI devices tion phase. 


which are actively arbitrating. 

Initiator: If this signal is driven it can be driven only by 
SCSI ID: The SCSI ID is a unique data bit (DB) for the active initiator. 
~ each of the SCSI devices in the system and = _ 

is driven onto the SCSI bus by eachdevice None: The signal is released meaning it is not 

that is actively arbitrating. The other seven driven by any SCSI device. 

data bits shall not be driven by the SCSI 

device. The parity bit may be asserted or Winner: The signal shall be driven by the one SCSI 

undriven during arbitration but can'tbe driven device that wins arbitration. 

false. | 
Target: If the signal is driven it can be driven only by 

the active target. 


TABLE 2: Signal Status, Information Transfer Phases 


SIGNALS | 
PHASE NAME 


Message Out Initiator to Target 


Initiator from Target 















DIRECTION OF TRANSFER 












Initiator to Target 
Initiator from Target 
Initiator to Target 


Initiator from Target 





# = Reserved for future standardization 
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EL-9: 


Bus Settle Delay a | 


| 


ee) 
ie) 
< 


2) 
a, 


ls Q 
6. US 


= 
YQ 
Q) 


| 


Be) 
m 
O 


> 
QO 
x 


DB7-DBO, 
DBP 


-- Bus Free Delay 
r~ Bus Set Delay 
Bus Clear Delay 





l Arbitration Delay 


an Bus Clear plus Bus Settle Delays 
vvvyv ¥ 


| 
Initiator Target 
Asserts | / \ Asserts 


‘alien 





I! 





i 

i 
ae ee a 
1 | 
: : 
{ 





—y 4 









































area bi 














First 





ul Nees eek 
Ls 
| | 








f | Arb: Target and Initiator: 
; | ID's | ID's : Command 
: Byte 
A Arbitration Selection 
Bue ries Phase Phase 
Phase 


FIGURE 7: SCSI Signal Sequence Example 


Command 
Phase 





Last 
Command 
Byte 



































“Command Complete 
Message” | 
Message Bus 

In Free 
Phase Phase 


Ad[JOAJUOD ISDS 


LSvdceé ISS 
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ARBITRATE ) 


RESEL 


ASSERT 
SELOUT IN 
32C453 IFCON 


32C453 ARB = 1 






REGISTER 


ASSERT BOE 


WRITE OUT 
SELF ID 









ARB = 17 
(ARB PHASE 
TIME) 





YES 


SET BOE 





WRITE SELF WAIT 2 
SCSI ID DESKEW 
DELAYS 





READ SCSI 
BUS FOR IDs 







? 
eee TO BUS FREE 


PHASE 


ASSERT BSY 


WAIT 2 
DESKEW 


| ASSERT 
SELOUT 


DELAYS 


TO 
RESELECTION 
TO INFO 
TRANSFER 
PHASE 





| NO 
| YES 


INFO IN 











SET UP 
32C453 
SAP AND RAP | 
REGISTERS 


COPY DATA 
TO BUFFER 
SET RDLATCH 
ROP IN 320453 


WRITE TO 
320453 HOSTL 
TO INITIATE THE 
TRANSFER 


















32C453 


DMADONE = 1? Ne 


COMPLETE 
INFO IN 
PHASE 


TO INFO OUT, 
BUS FREE OR 
INFO IN PHASE 


Note: Info In phase includes 
Message In, Status, and Data In 
phases. 


The code for the Info Out phase 
is very similar to this description 
of the Info In phase. 


FIGURE 8: Flow Charts for Various SS! 32B451 Routines 
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READS SCSI INPUT CHECKS FOR RESET 
LINES AND ERRORS 


FIGURE 9: SCSI Background Routines Using SSI 32B451 





























SERVICE RST 













PAR/ERR 
TRUE AND ACK 
TRUE? 














PHASE 
ERROR? 








TO BUS FREE 
STATE 



























U1 
L$240 
A N O 
NRZ PULSE 
DETECTOR 
SSI 32R510 
SEL WAMAMD | ENDEC/DATA 
SO RDOE a SSI 32D5321 
DB0-DB7, DBP <TD gcgy CONTROLLER | | 

ct INTERFACE SS! 32C452_ | wsa/GPioo 

to DEVICE 

WSS SS! 32B451 
9 REQ 
a ACK BUFFER 
hes CONTROLLER 
z S81 32C453 
wn 
2 
[a0] 
a 
oO 
” 

ADO-AD7, RD, WH, CS, ALE 
MIGRO BUS 
PAR/ERR 
PARRST 
fa MICROCONTROLLER 
L$240 
RST [>° 


FIGURE 10: Partial Schematic for SCSI Implementation with Arbitration Support Using SSI 32B451 
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PACKAGE PIN DESIG N ATIONS _ | | CAUTION: rad handling sevecaplen necessary 
(TOP VIEW) | or a Static sensitive component. | 


wo Oo nr 
QO A a 


BACK 
BOE 
D3 
D4 


| 


Q 
m 


PAR/ERR 
PAR/RST 
BREQ 
CLK 
V/OIN 
BSYOUT 
BSYIN 
C/DIN 


SELIN 





>=. 9 


C/D 


a (an) 
Oo oc (Omens) 


SELOUT 


44-pin PLCC 





ORDERING INFORMATION - 


SSI 32B451 44-pin PLCC | SSI 32B451-CH 32B451-CH 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION FEATURES 


The SSI 32C452 Storage ControllerisaCMOSdevice 
that provides the basis for an intelligent Winchester 
disk drive controller capable of non-interleaved data 
transfers at rates up to 2OMbps. When combined with 
a microprocessor, memory and a buffer management 
device such as the SS1 32C453, the SSI 32C-452 imple- 


ments a powerful and cost-efficient peripheral control- sg 
ler solution. It also has the flexibility to be used in SCSI 
systems. ° 


The SSI 32C452 includes a control sequencer with a 
writeable control store, and configuration/status regis- , 
ters which can be programmed to support standard 
and custom interface protocols for storage controllers. 
Access to the control store and registers is accom- 
plished through the microprocessor interface which is 
optimized for 8 bit, multiplexed address/databus proc- ° 
essors such as the 8085 . It also has the flexibility to 
interface with most standard 8-bit microprocessors. 
This organization allows the controller firmware to be 
stored in an EPROM or the host and down-loadedto 
the SSI 32C452, and means wide flexibility of the 


control functions performed by the device. 
(Continued) 


Supports ST506/412, ST412HP, SA100, SMD, 
ESDIi and custom interfaces 


Operates with 16 MHz microprocessors 
Internal RAM-based control sequencer 
Internal user programmable ECC to 32 bits 
Non-interleaved data transfer to 20 Mbits/s 
Hard or soft sector formats 


Programmable sector lengths up to a full 
track 

High performance, low power CMOS device 
Plug and software compatible with AlC-010F 
Storage Controller 

Single 5 volt supply 


Available in 44-pin PLCC or 40-pin DIP 
package 





BLOCK DIAGRAM 


SERIALIZER | 
BUFFER DESERIALIZER|: 


INTERFACE 


DO - D7 


8x 8 STACK 


RO 
Cs Pitas 
ALE MICRO- 
PROCESSOR 
INTERFACE STATUS AND 
CONTROL 


REGISTERS 
ADO-AD7 





RO/REFCLK 


ECC ‘- NRZ 
GENERATION AND i 
CHECKING ; 


INDEX 
SECTOR 
RG 
SEQUENCER WG 
AND WAMAMD 
RAM 
GPIOO 
GENERAL [2 GHC} 
mt GP102 
PURPOSE |g Boas 
vO —t- INPUT 


OUTPUT 


% eae CAUTION: Use handling procedures necessary 
Ose? CE GNE Heh Syects for a static sensitive components 
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DESCRIPTION (Continued) 


The SSI 320452 performs all the controller functions 
for the peripheral device, such as serialization/deseri- 
alization, ECC generation and checking on the data 
stream. It also handles overhead information such as 
address marks, gaps and sector ID fields. If an ECC 


error is detected during a read, the syndrome is saved 


so that defects can be corrected. The ECC polynomial 
and register length can be programmed or bypassed 
entirely so that external ECC hardware can be used. 


FUNCTIONAL DESCRIPTION 


The major functional elements and data paths of the 
SSi 320452 are shown in ihe biock diagram. 

The SSI 32C452 performs the functions to interface a 
serial data storage device such as a Winchester disk 
drive, to a parallel bus interface for data processing on 
a byte wide basis. The functions necessary to accu- 
rately make this conversion are serialization/deseriali- 
zation, error detection and correction, and data path 
control. The SSI 32C452 also has general purpose 
interface lines to further facilitate control of the data 
storage device or parallel interface. An eight byte stack 
allows data to be saved and reviewed by the micropro- 
cessor for error handling purposes. The internal se- 
quencer performs most of the operations in conjunc- 
tion with the control and status registers. The se- 
quencer program is contained in internal sequencer 
RAM, whichis easily (re)programmed providing almost 


infinite flexibility in communcations protocols and 


control features. A microprocessor effects both initiali- 
zation and control of the SSI 32C-452 by writing to and 
reading from the internal registers, sequencer RAM, 
stack and general purpose !/O circuitry. The micropro- 
cessor interface block of the SSI 32C 452 provides the 
communication and control for the SSI 32C452 to the 
microprocessor. 


The buffer interface includes a bidirectional data bus 
that exchanges data bytes between an external buffer 
memory and the serializer/deserializer. It generates 
two clocks, CLKA and CLKB whichcontrol all accesses 
to the buffer memory. All buffer memory cycles must be 
synchronous with CLKA, which is derived from the RD/ 
REFCLK input during data transfers and from SYSCLK 
otherwise. The internal register CLKCON contains 
control bits which define the relationship between 
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these source clocks and CLKA. The CLKB signal is 
asserted whenever a new data byte must be trans- 
ferred (ie. when the serializer/deserializer is full during 
a read operation or empty during a write operation). 
The direction of the transfer is determined from the 
state of the read gate (RG) and write gate (WG) lines. 
A CLKB cycle is used to force the buffer control device 
(eg. an SSI 32C453) to reserve the next buffer memory 
access for the SSI 32C452, since peripheral transfers 
take precedence over the asynchronous host trans- 
fers. Inorder to allow host transfers to keep up with pe- 
ripheral transfers, the CLKA rate selected should be at 
least twice the word transfer rate of the peripheral. 








The microprocessor interface decodes micropro- 
cessor read and write requests and provides access to 


the appropriate register or internal memory location. 


Since both data and address information are carriedon 
the multiplexed bus lines ADO-AD7, address informa- 
tion is latched from the bus on the falling edge of the 
microprocessor signal ALE (address latch enable). 
When GS is asserted along with either RD or WR, the 
register whose address was previously latched is se- 
lected. The addresses and names of all the accessible 
registers are shown in the Register Address Map, 
Figure 1. The microprocessor should not read or write 
the sequencer RAM while the sequencer is running, 
since there is no circuitry to resolve conflicting ac- 
cesses and incorrect sequencer operation will result. 


The status and control registers make status infor- 
mation available to the microprocessor and allow the 
device to be configured for a wide variety of peripheral 
control applications. The microprocessor can monitor 
the status of transfers in progress and control the ECC 
register operation, the ECC polynomial, the clock 
generation hardware and the sequencer program 
execution. The microprocessor also has access to the 
sequencer’s microprogram RAM so that it loads the 


_ microcode for all controller operations. 


The serializer/deserializer circuit interfaces the par- 
allel buffer memory bus to the serial NRZ data stream 
of the peripheral device. Byte synchronism is main- 
tained with a bit ring, which is an 8 bit recirculating shift 
register clocked by the peripheral bit clock. During a 
sector write, the bit ring is initialized explicitly with a 
sequencer instruction. The bit ring continues to 
operate until the end of the field (ECC written or read) 
and causes CLKB to be asserted once for each data 
byte to be transferred. During write operations, the 
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UPPER ADDRESS NIBBLE 
fon) 


sequencer may cause address marks and sync pat- 
terns to be loaded into the serializer instead of data 
bytes. These special patterns are contained in a 
sequencer instruction and are transferred to the serial- 
izer over an internal byte wide data path. During read 
operations, bytes of overhead information may be 
routed to the stack or sequencer for comparison 
against target values. This process is controlled by the 
control field (SEQCONF) in each sequencer instruc- 
tion. 


The eight byte recirculating stack may be used to 
capture read data for later examination by the micro- 
processor. Data is pushed onto the stack under 
sequencer control. The control bit STACKEN in the 
sequencer instruction field SEQCONF directly controls 
the stack. If more than 8 bytes are written to the stack, 
only the last 8 will be saved. When a data byte is read 
from the top of the stack by the microprocessor via the 
STACK register, the data is recirculated to the bottom 
of the stack, allowing the stack contents to be exam- 
ined more than once without the use of temporary 
storage in the microprocessor or buffer. 


SSI 32C452 
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Serial peripheral data is passed through a variable 
length shift register with programmable exclusive OR 
feedback that performs ECC generation and check- 
ing. The feedback taps for the desired ECC polyno- 
mial are selected inthe four registers POLYO - POLY24 
and the polynomial length is determined by the LEN 
bits in ECCCON. In addition, the ECC register may be 
operated either under Sequencer or microprocessor 
control. During read operations, the contents of the 
ECC register are compared to the actual ECC field 
read from the peripheral. If there is a mismatch, the 
error syndrome is available for error correction. The 
ECC polynomial may be reversed to allow hardware 
computation of the error location, relieving the micro- 
processor of the burden of this lengthy calculation. 
During writes to the peripheral, the computed ECC 
word can be appended to each data or address field. 
The sequencer data type field (GEQDATF) indicates 
when ECC bytes are to be written or checked during a 
peripheral transfer. 


The sequencer controls the time critical operations of 
the SSI 32C452. It executes programs stored in the 28 


LOWER ADDRESS NIBBLE 


0 1 2 3 4 5 6 


a aay BS 
[INTCON DMACON Nl aursize Ypercocon 
rs os [eer <——S 





7 8 9 A B Cc D E F 











TEST2 TEST3 DLR 


ha 
PH ! 





I 
‘ %e. % 
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SEQADDR GPIODAT CLKCON 


SEQSTAT STACK 








SEQCONF(n) 
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SEQCONFin) 
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PECOCCOSESE OC OO: 
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SEQDATFin) 
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REGISTER f REG} DONOT USE Sots 





FIGURE 1: Register Address Map 
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FUNCTIONAL DESCRIPTION (continued) 


word by 32 bit sequencer RAM; and can be pro- 
grammedto support hard and soft sectored read, write, 
search and verify operations for a wide variety of 
Winchester disk drives and other peripherals. The 
sequencer RAM is loaded by writing to the sequencer 
instruction registers as outlined in the Sequencer In- 
structions section of this data sheet. Each instruction 
is comprised of four bytes. Each of the four bytes 
represents a function of the sequencer operation. 
They are address field, control field, data type field, and 
data field. The organization of these fields is shown in 
the Register Bit Map, Figure 2. The Sequencer Regis- 
ters provide control from and status to the microproces- 
sor and sequencer. They contain branch, next and 
start addresses, and sequencer status information. 
The SEQUENCER STATUS register provides infor- 
matononthe sequencer state such as whether an ECC 
error occurred, a compare equal or low occurred, if the 
branch condition or address mark is active, or whether 


PIN DESCRIPTION 


GENERAL 


the sequencer is halted. 


The general purpose 1/O section has four general 


purpose I/O lines GPIOO - GPIOS, and the INPUT pin 
which are accessible through the internal general 


‘purpose input/output registers. They are available for 


user defined functions such as Winchester disk or host 
interface control. The functionality of the GPIOO - 
GPIOS3 pins is programmed in the GPIOCON and 
GPIODAT registers. They can act as I/O’s asserted or 
read through the GPIODAT register, or they can be 
programmed to decode microprocessor access to 
addresses 6EH and 6FH eliminating the need for 
external decode. The INPUT signal can be pro- 
grammed in the SEQADRF RAM (registers) to affect 
sequencer operation and the state of the pin read from 
the GPIODAT register. The other general purpose line, 
OUTPUT is controlled directly by the sequencer to 
synchronize it with external circuitry. The OUT bit ofthe 


-GPIODAT register reflects the state of the output pin. 


eens PLCC TYPE DESCRIPTION 


Poe aie 1 es 








GROUND 





RESET - Active low signal halts the sequencer, sets 
output pins RG, WG, WAM and NRZ low, forces the 
GPIO pins into a high impedance state and resets a 
“humber of the dedicat as Gescibed below. 





|. SYSCLK 


‘MICROPROCESSOR INTERFACE 





SYSTEM CLOCK - ook input in the range of 1.5 MHz 
to 16 MHz 


ADDRESS LATCH ENABLE - Falling edge latches reg- 


ister adgress Hem aoe ‘f pins: 





CHIP SELECT- Active high signal enables device to 
respond to microprocessor read or write. 
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PIN DESCRIPTION (continued) 


cme PLCC TYPE DESCRIPTION 


WRITE STROBE - Active low signal causes the dataon [| 
ADO-AD7 39-32 43-36 


the address/data bus to be written to the addressed 
GENERAL PURPOSE I/O 









register if CS is also active. 
READ STROBE - Active low signal causes the contents 
of the addressed register to be placed on the address/ 
data bus if CS is also active. | 

ADDRESS/DATA BUS - 8 bit bus which carries register 
address information and bi-directional data. These pins 
are high impedance when not in use. 











































GENERAL PURPOSE 1I/O LINES - These lines can be 
programmed as an inputs or outputs which are accessed 
though the GPIODAT register. They may also be pro- 
grammed to serve as active low outputs which decode 
microprocessor accesses to the following locations: 


GPIO0-3 















| in Alternat 






GPIOO Write to 6EH 
GPIO1 Read from 6EH 
GPIO2 Write to 6FH 







Read from 6FH 








eee 














INPUT PIN - This dedicated input line may be read 
through the GPIODAT register or tested directly by the 
control sequencer. 


OUTPUT PIN - Dedicated output line which is derived 
directly from the control sequencer instruction field. 


















| OUTPUT 





DISK DRIVE INTERFACE 


INDEX | 10 INDEX PULSE - Active high disk drive index pulse input, 
must pee at ble asto one eee time long. 














SECTOR 11 SECTOR PULSE - Active high sector pulse input from 
disk drives that are hard sectored, must be at least one 
ye time Ong: 
RG 14 READ GATE - Active aah sutpii from control sequencer 
| enables external phase-locked loop (PLL) to synchro- 
nize to read data stream from the storage device. 
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PIN DESCRIPTION (continued) 


DISK DRIVE INTERFACE (continued) 


ers PLCC TYPE DESCRIPTION 


WRITE GATE - Active high output from control se- 

quencer ingieales valid write eae to the storage device. 
RD/REFCLK 26 30 | READ/REFERENCE CLOCK - This input must be 
externally multiplexed to provide the PLL clock when 
read gate is active and the write oscillator clock at all 
other times. This pin must always be driven with a clock 
sland even when RST is active. 

















NIT o7 — 384 VO NBZ DATA - This bi-directiona! rovides write data 


np 
when WG is dive ania must be driver with read data 
when RG is active. Data must be in the NRZ format. 








WAM/AMD 28 32 /O WRITE ADDRESS MARK/ADDRESS MARK DETECT - 
| This bi-directional pin is used to write and detect address 
‘marks. When WG is active, a low level output of one bit 
time on this pin indicates that an address mark must be 
written. When RG is active, the peripheral must provide 
an active low input to indicate the detection of an address 
mark. 


BUFFER INTERFACE 


CLOCK A - Clock signal which initiates host or controller 
accesses to the buffer memory on its falling edge. When 
either RG or WGis active, this output is derived from RD/ 
REFCLK. At all other times it is derived from SYSCLK. 
The clock source is divided by 2 or 4 as programmed in 
me eee eoleteh 








CLOCK B - This clock is used to reserve CLKA aaee for 
SS132C452 datatransfers. An active low pulse spanning 
a falling edge of CLKA indicates that the next falling edge 


on CLKA will be used by the SSI 32C 452 to access the 
buffer memo 





16-19 18-21 BUFFER DATA BUS - Bi-directional data bus that carries 
22-25 25-28 data to and from the buffer memory. Bus cycles are 
| controlled by CLKA and CLKB. Direction of the transfer 
is determined by RG and WG. Note: refer to pin diagram 

for exact erdenng 0 of the es 





No connects on PLCC package: 17, 23, 24, 29, 44 
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REGISTER ADDRESS D7 D6 D5 D4 D3 D2 D1 DO WRITE 
WAMCON 7BH AM7 - AMO R/W 
SEQADDAF 80H BRCON2 | BRCON1 | BRCONO | NEXT4 NEXT3 NEXT2 NEXT1 R/wW 
a A 
SEQCONF AOH SETRG RESWG | STACKEN | NRZINH | OUTPIN | COMPEN R/W 
ote ee men ore ere ey 
SEQTYPF COH CNT6/ CNT5/ CNT4 CNT3 CNT2 CNT1 R/wW 
ill ll Eas Dl Vl Vile Ul 
SEQDATF DATA FIELD R/wW 


FIGURE 2: Register Bit Map 
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REGISTER DESCRIPTION shift registers, ECC 16 and ECC24, while its output is 
always bit 31, which is bit ECC31 of register ECC24. 


The microprocessor which controls the system has 
access to all the SSI 32C-452 registers andsequencer The ECC polynomial to be implemented is pro- 
RAM through its external memory address space. The grammed by the user into the ECC feedback registers, 
SS! 32C452 and its companion device, the SSI POLYO, POLY8, POLY16 and POLY24. Each bit in 
32C453 Dual Port Buffer Controller, are designed to these registers enables or disables exlusive OR feed- 
occupy a single 256 byte page. The 8bit page address back to the output of the corresponding shift register 
is latched from pins ADO-AD7 ona falling edge of ALE Stage. The feedback signal is the exclusive OR of the 
and remains valid until the next ALE falling edge. serial data stream with the output of shift register stage 
| ~ 31. An override bit in ECCCON forces normal shift 
The external registers described at the end of this register operation, regardless of the settings of the 
section are not implemented in either the SSI32C452 — feedback control bits. 
or SSI 32C453, and are assumed to be implementedin 


external hardware. These external registers are not WhenWGorRGare active, the ECC shift register input 


required for use with the SS! 32C452, but a: 


as applications information. : | REFCLK. When an ECC word is being written, feed- 
back is disabled and the shift register output is substi- 
ECC REGISTERS tuted for the data stream. At other times the micropro- 


cessor may set the ECCIN bit explicitly and cause a 


The core of the ECC circuit is a 32 bit shift register single shift register clocking to occur. For further 
whose effective length may be programmed tobe 16, _ information on implementing an ECC polynomial see 
24 or 32 bits. This is accomplished in hardware by _ the Applications Information Section at the end of this 
directing the input data to stage 16,8 orO ofthe ECC data sheet. 


ECCCON 71H Read/Write 


ECC CONTROL WORD 


BIT NAME DESCRIPTION 











ECCIN ECC SERIAL INPUT - When both RG and WG are inactive, this bit becomes the 
input bit for the ECC shift register. The RD/REFCLK must always be active for 
correct operation of the device. 





ECCSHIFT ECC SHIFT CONTROL - When both RG and WGa are e inactive, a single shift of the 
ECC register will occur when this bit is set. It is automatically cleared again when 
the shift is complete. 


FEEDINH ECC FEEDBACK INHIBIT - wher this bit is is 36 tall fesdback is inhibited and the 
_ECC register functions as a simple shift register of the selected length. 




















CLRECC CLEAR ECC - If this bit is set when either RG or WG are active, the ECC syndrome 
will be cleared at the end of the read/write operation. If both are inactive, the 








~ SECTBR ENABLE “SECTOR BRANCH - i the sequencer “branch on . index or sector” 
instruction is executed and SECTBR is set, the sequencer will recognize the 
branch condition as true if either the INDEX or the SECTOR pin is active. If 
SECTBR is cleared, then the sequencer will only recognize the branch condition 
if the INDEX pin is active. 
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ECC REGISTERS (continued) 












BIT NAME DESCRIPTION 























5 RESET CHIP RESET - When this bit is set, the SSI 32C452 will be held in its reset state. 


This bit is set when RST is true. a 


ECC REGISTER LENGTH - These two bits select the ECC register length as 
follows: 














6-7 LENO-LEN1 











LEN1 LENQ 
0 0 16 bit register 
0 1 24 bit register 
1 0 illegal combination 
1 1 32 bit register 








Reset State: ECCCON= 20H (ie. RESET=1) 


ECC16 72H Read only 


ECC DATA 


ECC0/16 ECC REGISTER LEADING BITS - This bit reflects the OR of all the ECC register 
bits from the input stage through bit 16. For 16 bit operation, this is bit 16. For 24 
bit operation this is bit 8 + bit 9 + .. + bit 16. For 32 bit operation, this is bit 0 + bit 
1+... + bit 16. ; 
ECC17-ECC23| ECC REGISTER BITS - These bits reflect the output of ECC shift register stages 
17 to 23. 














Reset State: Unknown 





ECC24 73H Read only 


ECC DATA 








NAME DESCRIPTION 








ECC24-ECC31| ECC REGISTER BITS - These bits reflect the output of ECC shift register stages 
24 to 31. 











Reset State: Unknown 
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ECC REGISTERS (continued) 
POLYO 74H Read/Write 


ECC eras 


ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 





feedback of both the shift register output (bit 31) and the serial input to the output 
of shift register stages 0 to 7. These settings may be overriden by the FEEDINH 
bit in ECCCON. | For ECC register | lengths | of 16 or 2 24 bits, FO-F7 are irrelevant. 





Reset State: POLYO=00H 





POLY 75H —s«RRead/Write 


| ECC POLYNOMIAL 








DESCRIPTION 





ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 
feedback to the output of shift register Stages 8 to 15. For register lengths of 16 bits, 
F8- F15 are irrelevant. 


Reset State: POLY8=00H 











POLY16 76H Read/Write 


ECC POLYNOMIAL 








DESCRIPTION 


F16-F23 ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 
feedback to the output of shift register stages 16 to 23. 





Reset State: POLY16=00H 








POLY24 77H Read/Write 


ECC POLYNOMIAL 


NAME | DESG ETON 








F24-F30 ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 
feedback to the output of shift register stages 24 to 30. 


unused 





Reset State: POLY24=00H 
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SEQUENCER STATUS AND CONTROL 
REGISTERS 


The sequencer controls allthe time-critical interactions 
with the peripheral storage device being controlled by 
the SSI 32C452. The instructions directly control disk 
drive interface lines, provide data for writing or com- 
parison, determine the number of bytes handled and 
control the sequence of instruction execution. It is 
programmed by the user for maximum capability and 
variability. There are 28 instructions which are 32 bits 
wide. They are divided in to 4 byte wide fields. These 
fields are sequencer address, control, data type and 
data fields. These may be further divided into sub- 
fields as described in detail below. Examples are 
shown in the Applications Information section at the 
end of this data sheet. 


The next address field of the sequencer instruction 
contains address and branching information. Each 
instruction is executed for the duration of the number of 
byte times specified in its count field. The specified 

SEQBR 78H Write only 


SEQUENCER BRANCH ADDRESS 


SSI 32C452 
Storage Controller 





count is loaded into a down counter which clocks every 
8 bit times. When the counter underflows execution of 
that instruction is terminated. A carry inhibit feature 
allows the counter to wrap around to a full count for 
fields which are more than 256 bytes long. Execution is 
passed to the instruction at the specified next address, 
unless a branch condition is specifed in the instruction 
(eg. ECC error or successful data comparison). In that 
case, execution passes to the address specified in the 
SEQBR register. Sequencer operation may also be 
conditionally stopped. The sequencer will always stop 
if execution passes to address 1FH, which is outside of 
the 28 word instruction control store. 


The control field of the sequencer instruction is used to 
specify the state of RG and WG, to move data to the 
stack and to select data transfer or data comparison 
operations. The count field sets the duration of each 
instruction in byte times and is also used to select the 
type of data written, such as address marks or ECC 
bytes. | 











NAME DESCRIPTION 











BRADRO 


- BRADR4 


BRANCH ADDRESS BITS - When a sequencer instruction with a branch 
- condition is finished (ie. the specified number of byte times have elapsed) and the 





unused - 











Reset State: Unknown 
SEQNA 78H Read only 


SEQUENCER NEXT ADDRESS 











NAME DESCRIPTION 














0-4 NADRO 
| - NADR4 


NEXT ADDRESS BITS- This reflects the 5 bit next address field of the 
sequencer instruction currently being executed. After the specified byte count, 


execution will proceed at this address provided no branch conditions occur. 





Reset State: Unknown 


Internal test points 








6-27 





SSI 32C452 


Storage Controller 


. SEQUENCER STATUS AND CONTROL REGISTERS (continued) 


SEQADDR  ~—s79H 


Write only 


SEQUENCER START ADDRESS 


NAME | 


STADRO | 
--STADR4 


DESCRIPTION 











SEQUENCER START ADDRESS BITS - If the sequencer is currently halted, 
writing this register with an address in the range 00H to 1BH will cause sequencer 
execution to commence at that address. If this register is written with 1FH , the 
sequencer will halt. 





unused 
Reset State: OOH 


SEQSTAT | 79H 


SEQUENCER STATUS 








Read only 





BIT | NAME 


COMPEQ 


DESCRIPTION 

COMPARE EQUAL - When a sequencer instruction enables the comparison 
operation, this bit reflects the result of all the byte comparisons performed (ie. if it 
is set then all bytes compared so far have been equal.) If RG is enabled, the 
comparisons occur between the instruction’s data field and the data bytes being 
read (or buffer memory if the SEARCHOP bit in OPCON is true as well). 











COMPLO 


COMPARE LOW - Similar to COMPEQ, except that it indicates that in all 
comparisons the data field was smaller than the compared byte. 








ECCERR 


not used 
STOPPED 


BRACTIVE 


registers. 








ECC ERROR - This bit is set during RG active, upon reading the last ECC bit, if 
there was.an error in the data read. The error syndrome will be stored in the ECC 








SEQUENCER STOPPED - This bit is set when ‘the sequencer is stopped and its 


__ instruction address is 1FH. 





~ BRANCH ACTIVE - This is set when the branch condition specified i in the current 


instruction has been satisfied. This means that the next address used will be taken 
from the SEQBR register. This bit is reset when the microprocessor reads this 
register. 





DATATRANS 


AMACTIVE 





| Reset State: 00H 





DATA TRANSFER - This bit is set when the current sequencer instruction is 
causing data to be transferred between the buffer memory and the peripheral 
device. This distinguishes the activity from a search or verification operation. 





ADDRESS MARK ACTIVE - This bit is set when the controller reads or writes an 
address mark or sync byte. It is reset after the ECC bytes are read or written, or 
when the sequencer is halted. 
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SEQUENCER INSTRUCTION REGISTERS 


The 4 fields of 8 bits comprising a single sequencer instruction are detailed below. They are presented as 
arrays of 28 bytes each, corresponding to the 28 instructions at sequencer addresses 0 to 1BH. 


SEQADRF(n) 80H-9BH Read/Write 


SEQUENCER ADDRESS FIELD ARRAY 











BIT NAME Peso ON 








| 0-4 NEXTO-NEXT4| NEXT ADDRESS FIELD - This 5 bit field iepecitigs the address of the next 


instruction to be executed when the current instruction has continued for the 
| specified number of bytes. 


5-7 BRCONO BRANCH CONTROL FIELD - This 3 bit field specifies the branch condition 
-BRCON2 for the current instruction. When a branch condition is satisfied, execution of the 
current instruction is not curtailed. It continues to execute for the full byte count 
specifed, and then the sequencer proceeds with execution of the address specified 
in SEQBR. The branch condition used depends on the state of RG and data type 
field (see SEQTYPF). If RG is true and ECC wee are being read, the following 
branch conditions apply: 


BRCON2/1/0= | 000 No branch _ | ne 
001 Stop on ECC error 


_010 Stop on comparison error 


011 Stop on ECC or comparison error 

100 Branch on good ECC and comparison 
101 Branch o on ECC error - ; 

_110 Branch on comparison error” 7 


114 Branch on ECC or comparison e error 









































Otherwise, ‘the branch conditions are: 


BRCON2/1/0= | 000 Nobranch _ e 
_ 001 Stopif INPUT pin active 
010 Stop if INDEX or SECTOR pin active (see SECTBR bit 
____ of register ECCCON). 
O11 Stop if comparison error. 
100 Branch on carry (from byte counter). 
_101_ Branch on ECC error 
110 Branch if INDEX or SECTOR pin active (see SECTBR 
__ bit of register ECCCON). 
111 Branch on n comparison error 


















































Reset State: The contents of the sequencer RAM are unchanged. 
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SEQUENCER INSTRUCTION REGISTERS (continued) 


SEQCONF(n) AOH-BBH 


SEQUENCER CONTROL 
| BIT | NAME 


0 DATEN © 


whether WG or RG i is active. 


DESCRIPTION 


Read/Write 


FIELD ARRAY 








DATA TRANSFER ENABLE - When this bit is set, the SSI 32C452 will generate 


CLKB requests to transfer data bytes to or from buffer meme: depending on 


COMPARE ENABLE - When this bit is set and RGi is active, read data bytes from 
the peripheral will be compared with the instruction data field (SEARCHOP reset 
in the OPCON register) or the buffer memory data (SEARCHOP set). The results 





of the comparisons are OR’ed together for the duration of the instruction and can 











1 | COMPEN 

2 | OUTPIN 

3 | NRZINH | 
4 | STACKEN 


RESWG 


_ be used for a branch condition or tested by the microprocessor. 


to synchronize external | circuitry to the sequencer. 


OUPUT PIN CONTROL - This bit appears on the OUTPUT pin and may be used 





NRZ DATA INHIBIT - When RG is active and this bit i is set, the NRZ data input will 
_be ignored. This is u useful while external data recovery ¢ circuits start up. 


STACK WRITE ENABLE - While this bit is set, bytes of NRZ data are pushed onto 
_ the recirculating stack. 





RESET WRITE GATE - This bit c Causes s the WG line to go 5 inactive 4 bit times after 


the current, instruction is finished (byte counter reaches 0). 








SETRG 


SETWG 





Reset State: The contents 


SET READ GATE - Provided WG is inactive, this bit sets RG, which will remain 
active until the ECC info rmation is read or the seque ncer is halted. 


SET WRITE GATE - When this bit is set and an instruction executed, the WG line 
willbe activated after a delay of 4 bit times. WG will remain active until cleared by 
the RESWG bit orthe Sequencer is halted. WGwill not be activated if RG is already 
active. 











of the sequencer RAM ; are unchanged. _ 


SEQTYPF(n) © COH-DBH Read/Write © 


SEQUENCER DATA ee FIELD ARRAY 








iacdeiaeilisans 





CNT0-CNT4 





COUNT FIELD - The current sequencer instruction is executed for the number of 
byte times specified by the count field. Ifthe DATEN bit is set, the count is specified 
as an 8 bit quantity (CNTO-CNT/7). If DATEN is reset, the count is specified as a 
5 bit quantity (CNTO-CNT4), and the upper three bits of this instruction field are 
interpreted as data type bits, described below. 
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SEQUENCER INSTRUCTION REGISTERS (continued) 


5 CNT5/DTYPO COUNT BIT 5 OR DATA TYPE 0 - When this bit is interpreted as a data type bit, 
it is used to initialize the bit ring with a single 1. This will occur at the next CLKA 
cycle. This starts CLKB so that write data bytes willbe fetched from buffer memory. 
The bit ring willbe cleared after the ECC is written. 


CNT6/DTYP1 COUNT BIT 6 OR DATA TYPE BIT 1 - When this bit is interpreted as a data type 

bit, it indicates that ECC information is being read or written. 

7 CNT7/DTYP2 COUNT BIT 7 OR DATA TYPE BIT 2 - When this bit is being interpreted as a data 
type bit it indicates that an address mark is being. written. 













































Note: When DATEN is reset, and CNT5/DTYP0, CNT6/DTYP1 and CNT7/DTYP2 are being interpreted as 
data type select bits, the upper 3 bits of the byte counter are forced to 0 regardless of the settings of the data 
type bits. When all 3 data type bits are { 0, the data field i Is interpreted as. normal binary data. 













Reset State: The contents of the sequencer RAM are unchanged 





SEQDATF EQH-FBH Read/Write 


SEQUENCER DATA FIELD veal 








NAME DESCRIPTION 








DAT0-DAT7 DATA FIELD - When RG is active, the saved in this field is used for comparison 
operations. If WG is active, DATATRANS is set and TRANSINH (Transfer Inhibit 
bit in OPCON register) is set, the write data will come from this field. This allows 
the sequencer to generate the necessary overhead bytes while writing a sector. 











Reset State: The contents of the sequencer RAM are unchanged. 


DISK DRIVE INTERFACE REGISTERS 
The disk drive interface registers provide control and status for the interface of the SSI 32C- 452 to the disk drive 
(peripheral device), and for data transfer to the buffer or host. 


OPCON 7AH Read/Write 
OPERATION CONTROL WORD 


NAME DESCRIPTION | 








INDEXP INDEX PULSE DETECTED - This bit is set when an index pulse is encountered 
and reset each time the register is read. The bit will be reset even nit the INDEX pin 


_Is true during the access. 





SECTORP SECTOR PULSE DETECTED - This bit i is set ae a rection pulse is encountered 
and cleared each time the register is read. The bit will be cleared even if the | 
SECTOR pinis true during the read access. This bit is only used with hard-sectored 
disk drives. 


6-31 





SSI 32C452 


Storage Controller 





DISK DRIVE INTERFACE REGISTERS (continued) 


BIT NAME 











NRZ DATA IN - This bit is set when a rising Sane iS detected onthe NRZ pin and 
RG is active. It is reset when the register is read. _ 








SERIAL DATA SYNCHRONIZATION DETECT - ‘Indicates that the bit ring is 
synchronized on byte boundaries, following detection of an address mark. 








SEARCH OPERATION - Setting this bit will cause comparisons to occur between 
the contents of the buffer memory and the read data bytes from the peripheral. If 
SEARCHOP is reset, then read data bytes will be eqoinnated to the sequencer 


DESCRIPTION 
~NRZDAT | 
3 SYNDET 
4 | SEARCHOP. | 
: instruction data field. 





5 | TRANSINH 








__ Unused 





CARRYINH 


Reset State: Unknown 


WAMCON 7BH 









DATA TRANSFER INHIBIT - tf WG i is 5 active and this bit i is set, then the write data 
will come from the sequencer instruction data field instead of the buffer memory. }| 
if RG is active and this bit is set, nen ithe read daia byies are usedforcomparisons: | 





| only and are not written to buffer memory. Setting this bit will suppress CLKB so 


_ that no buffer memory transfers occur. 














~ SEQUENCER COUNTER CARRY. INHIBIT - “When this bit i is set, the sequencer 
will not detect a carry (underflow) in its byte counter. This bit is reset when a carry 
occurs. 





Read/Write 


WRITE ADDRESS MARK CONTROL 











DESCRIPTION | 


ADDRESS MARK BITS - When WG is active and the sequencer instruction 


specifies that an address mark is to be written (DATATRANS is reset, DTYP2 is 
set) the bits AMO-AM7 will be shifted out on the WAM/AMD pin. The palrern: is 
delayed by two b bit times to compensate for the encoder delay. | 











Reset State: Unknown 


AMDCON 7CH 


ADDRESS MARK DETECT CONTROL 





Read/Write 








NAME 


AMDO0-AMD7 





icine 


_the comparisot is determined in the CLKCON register. 





ADDRESS MARK DETECT CONTROL- When RG and the WAM/AMD input are 
active, the NRZ data stream is compared to the contents of this register. Byte 
synchronization is established when a match occurs. The number of bits used in 








Reset State: Unknown 
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DISK DRIVE INTERFACE REGISTERS (continued) 
CLKCON 7FH Write only 


CLOCK CONTROL 


DESCRIPTION 
SYNC COMPARE CONTROL - These 3 bits determine which bits in register 
AMDCON are used when looking for the sync byte, as follows: 


SYN2/1/0 = | 000 Bit 7 used 


901 _ Bits. 7 6 used ee 
010 | Bits 7, 6,5 used 

011 ‘Bits 7,6,5,4 used | 
100 | Bits e 6,9,4, 3 used 


101 Bits 7,6,5,4.3,2used 
110 Bits 7,6,5,4,3,2, 1 used 


111 All bits used 


CLKINH CLOCK INHIBIT - When this bit is ‘set, SLKA and CLKB are forced to a high 
| impedance state. 
























































CLKFO CLOCK FREQU ENCY SELECT = This bit sets the relationship betweenCLKA and 
RD/REFCLK when data transfers are in progress. When itis set, CLKA will be 

1/4 the RD/REFCLK frequency and when it is reset, CLKA will be 1/2 the RD/ 

| REFCLK frequency. 








Unused 


CLKF1-CLKF2 | CLOCK FREQUENCY SELECT - These bits determine the relationship between 
the frequency of CLKA and SYSCLK when no data transfers are in progress, as 
follows: eee 
CLKF2/CLKF1= | 00 1/4 frequency _ 


01 1/2 frequency 


10 same frequency 
z a illegal combination 


























Reset State: Unknown 





STACK 7FH Read only 


| TOP OF STACK 








This register provides the microprocessor read access to the top of the 8 byte stack. Each read operation 
causes the stack data to recirculate, with the top of the stack moving to the bottom. When the sequencer writes 
| data to the stack, the byte.on the bottom of the stack is lost. 
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GENERAL PURPOSE INPUT/OUTPUT REGISTERS 
GPIOCON 7DH Read/Write 


GENERAL PURPOSE I/O CONTROL 





BIT NAME DESCRIPTION 





| 0-3 | GPDIRO GENERAL PURPOSE I/O LINE DIRECTION- These bits program the 
-GPDIR3 | direction of lines GPIOO to GPIO3. The direction bits are set for outputs and reset 
for inputs. 











W6ESEL W6E SELECT - i this bit is set ahalong with GPDIRO, the GPIOO pin becomes an 
active low output signal decoding a microprocessor write to location 6EH. 





R6ESEL R6E SELECT - If this bit is set along with GPDIR1, the GPIO1 pin becomes an 
active low output signal decoding a microprocessor read from location 6EH. 


WG6FSEL W6F SELECT - If this bit is set along with GPDIR2, the GPIO2 pin becomes an | 
_active low output signal decoding a microprocessor write to location 6FH. 














R6FSEL R6F SELECT - If this bit is set along with GPDIR3, the GPIOS3 pin becomes an 
active low output signal decoding a microprocessor read from location 6FH. 


~ Reset State: Unknown 











GPIODAT 7EH Read/Write 


GENERAL PURPOSE 1/O DATA 








NAME Dre EueN 


-GP0-GP3 GENERAL PURPOSE I/O PIN STATUS - These bits represent the state or output 
data for the GPIOO to GPIO3 pins, depending on the direction programmed in the 
_GPIOCON register. 











INPUT _ INPUT PIN STATUS - This bit reflects the data ¢ on nthe INPUT pin. 








OUT OUTPUT PIN STATUS - This bit reflects the data on the OUTPUT pin. The 
OUTPUT pin is actually written to by the sequencer. _ 








Unused -_ 
Note: The GPIOCON CON register must | be initialized | before GPIODAT is 5 accessed. 
Reset State: Unknown 
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MICROPROCESSOR INTERFACE REGISTERS 
DLR ADH Read only 


DATA LATCH REGISTER 





When a microprocessor read from location 70H i is edeleciad: tHe data on ihe buffer memory bus (D0-D7) is 


latched by the SSI 32C 452 into the DATA LATCH REGISTER. When the microprocessor accesses DLR this. 
data is placed on the address/data bus (ADO-AD7). 





SPECIAL ADDRESS DECODES 50H-51H Read/Write 


Special decodes 











Microprocessor accesses to these locations will Cause e the address/data bus (ADO- AD7) and the buffer data 
bus (D0-D7) to be bridged together internally (see external register description). 





BUFACC 70H Read/Write 


BUFFER ACCESS 


Microprocessor accesses to this location cause ‘the address/data bus (ADO- ‘AD7) and the ebutter data bus (D0- 
D7) to be bridged together internally. If a read cycle is performed, the data present will be latched into register 
DLR as well. 














TEST REGISTERS 
These registers may not be accessed while the sequencer is running. 


TESTO 49H Read only 


TEST REGISTER 0 _ 


Access to the Next Address field of the current ¢ sequencer instruction. 











TEST1 4AH Read only 


_TEST REGISTER 1 


Access to the Control field of the current sequencer instruction: 














TEST2 4BH Read only 


TEST REGISTER 2 
Access to the Count/Data Type field of the current sequencer instruction. 











TEST3 4CH Read only 


TEST REGISTER 3 








Access to the Data field of the current sequencer instruction. 
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EXTERNAL REGISTERS (for reference only) 
HOSTL 50H Read/Write 


HOST BUS (LOWER BYTE) 


External hardware may be used to connec the lower byte of the host bus to 5 the buffer memory when this 
address is accessed. | 














HOSTH 51H Read/Write 


HOST BUS (UPPER BYTE) 


External hardware may be used to connect the Tere? byte of the host bus to the buffer memory when this 
address is accessed. 














Systems which need extra I/O on the microprocessor data bus may take advantage of the strobes available 
on pins GPIOO (write) and GPIO1 (read) to add an expansion port at this address. 





_~GPREG1 6FH Read/Write 


GENERAL PURPOSE REGISTER 1_ 





Systems which need extra I/O on the microprocessor data bus may take advantage of the strobes available 
on pins GPIO2 (write) and GPIOS (read) to add an expansion port at this address. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING 


Ambient Temperature Under Bias 








Storage Temperature -65 to 150 








GND -0.5 or VCC + 0.5 


Voltage On Any Pin With Respect To Ground 








Power Supply Voltage 7.0 














Max Current Injection 25 





NOTE: Stress above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any conditions above | 


| those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum | 


rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER CONDITIONS 




















TA Operating Free Air Temp. a 





Input Low Voltage 








Input High Voltage 


D. C. CHARACTERISTICS 
TA = 0°C to 70°C, VCC = 5V + 5%, unless otherwise specified. 


PARAMETER CONDITIONS 








VIL Input Low Voltage 


VIH — Input High Voltage 








VOL Output Low Voltage 





IOL = 4mA for 





JOL = 2mA all others 








| VOH Output High Voltage 





ICCS Supply Current Standby 
ICC = Supply Current 


Power Dissipation 


| Inputs at GND or VCC 


IOH = 400mMA 
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D. C. CHARACTERISTICS (continued) 


PARAMETER CONDITIONS 





Input Leakage OV <Vin< < VCC 





Output Leakage 





Input Capacitance 





Output Capacitance 





A. C. TIMING CHARACTERISTICS 

TA = 0°C to 70°C, VCC = 5v + 5%, unless otherwise specified. 

Load conditions for all pins - 30pF. Timing measurements are made at 50% of rising or falling edge. 
Note: J indicates falling edge; T indicates rising edge. 


MICROPROCESSOR INTERFACE TIMING (See Figure 3) 


PARAMETER | CONDITIONS © 











S SYSCLK Period 
~ SYSCLK Assert to De-assert 
SYSCLK Rise and fall . 
ALEWidth 

















ALE 1 to WR J 


ALE J to RD J 
WR Width 








RD Width 





ADO - AD7 in Valid to ALE J 7 |) 
ALELtoADO-AD7inivaid | = | 
cstiomed | 
RD T or WR Tto cs 1 
ADO - AD7 in Valid to WR T 
WR 7 to ADO - AD7 in Invalid | 
RD J to ADO - AD7 out Valid | 


RD T to ADO - AD7 out Invalid 
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SYSCLK 











-—- Ah --- 2: tee niet eee = «< Wdh > 


"ADDRESS IN oN x |) DATA IN 
























































REGISTER READ OPERATION 


ALE —e = sass entbae wo a a idee ph 2: ~ tesa wc a head decalape datas, “KO RRay ot tee: Uae gh oS s ae, il sacl sce 3 aire Si “a pepe we ail Mcasanenbocal pik ti ‘caalismepestiont Sobeagt Soliant, i _ 
a a : 7 DATA OUT 


ADO - AD7 


ces ca 
CS ca 


RD 
































FIGURE 3: Microprocessor Interface Timing 
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A. C. TIMING CHARACTERISTICS (continued) 


PERIPHERAL DEVICE INTERFACE TIMING (See Figure 4) 




































































PARAMETER CONDITIONS . MIN NOM | MAX 
T RD/REFCLK Period a [e200 sree ash 
T/2 RD/REFCLK Assert to De-assert {18 
Tr RD/REFCLK Rise Time T=62.5nsS | -) 
Tf RD/REFCLK Fall Time T = 62.5 ns ons 
Ds NRZ in Valid to RD/REFCLK T Setuptime == | 10 |_ _ = 
Dh RD/REFCLK T to NRZ in Invalid | Hold time 7 
As AMD J to RD/REFCLK 7 I Set-up time a a 10 aa ns | 
Dv ROREFCLKTtoNAZout | | tf — 
Wv — RD/REFCLK T to WAM J | 1040 

| Wvr  RD/REFCLK 7 to WAM 7 ae — 10 40 


BUFFER INTERFACE TIMING (See Figure 5) 


PARAMETER 





CLKA Period 
CLKA Assert to De-assert 


CLKB J to CLKA J 7 























CLKA J to CLKB T 
CLKA T to DO - D7 out Valid — 
CLKA T to DO - D7 out Invalid 


DO - D7 in Valid to CLKA J 
































CLKA J to DO - D7 in Invalid 
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READ CYCLE 


RD/REFCLK 


WRITE CYCLE 


RD/REFCLK 


NRZ out 


WAM 
NOTE: NRZ out changes after rising edge of RD/REFCLK 





FIGURE 4: Peripheral Device Interface Timing 

















DO - D7 out 











Disses 








FIGURE 5: Buffer Interface Timing 
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A. C. TIMING CHARACTERISTICS (continued) 


EXTERNAL REGISTER TIMING (See Figure 6) 


























PARAMETER | CONDITIONS MIN | NOM | MAX UNIT 
-Tda  DO0-D7in Valid to 
ADO - AD7 out Valid | ee eee ee ee ee: 
Tra RDJto ADO -AD7 out Valid DO-D7 setup 60 ns 
before RD J ae Ser ee: ee 
Trh RDTtoADO-AD7outinvalid | = = =| | | 50 | ns 
Tad ADO-AD7 in Valid 
to DO - D7 out Valid oe eee eee 55 ns 
Twd WR J to DO - D7 out Valid ADO-AD7 setup | 60 ns 










before WR 





Twh WAT to DO - D7 out Invalid 


PARAMETER 








Tdf or WR J to Strobe J 
Tor D or WR T to Strobe T 
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ADO - AD7 out 


ADO - AD7 in 


DO - D7 out 


NOTE: The strobe signals are the alternate mode signals of the GPIO pins 





FIGURE 7: Address Decode 6E and 6F Timing 
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APPLICATIONS INFORMATION 


SEQUENCER PROGRAMMING EXAMPLES 


This section describes how specific controller func- 
tions are implemented with the SSI 32C452. Se- 
quencer programming examples for the specific case 
of an ST-506 Winchester disk drive are given. For 
convenience, all the code samples start at sequencer 
address OOH. In an actual implementation, the se- 
quencer intructions would be distributed throughout 
the sequencer RAM, with common portions reused, so 
that the code for all operations would be resident 
simultaneously. All example values are hex quantities. 


SECTOR ID 


There are two types of Sector ID operation. In the first, 
the Sector ID field is read and saved by the controller 
for examination by the microprocessor. The 8 byte 


ADDR 


internal stack is used for this type of operation and read 
data is pushed to the stack under the control of the 
sequencer. In the second, the sector ID field is com- 
pared to a desired value in preparation for some other 
operation, such as sector read or sector write. In this 
case, the ID field parameters are compared to the data 
field of the controller instructions. A sequencer branch 


_ instruction is used to test for a positive field ID compari- 


son and no ECC error before the rest of the operation 


- proceeds. The microprocessor must program the 


SEQBR register with the address of the code for the 
following operation. 


The controller establishes byte synchronism by 
searching for an address mark after RG is asserted. 
The data pattern of the address mark is specified in the 
AMDCON register and the number of bits actually used 
in the pattern is selected by the bits SYN2/1/0. 


INSTRUCTION (SEQADRF SEQCONF SEQTYPF SEQDATF) 


; ST-506 Sector Identification example. Assumes AMDCON=A1H, SYN2/1/ 


O=7 

00 60 00 00 00 ; 
>; Turnon RG 

— 02 03 02 80 At 


Loop here until Index Pulse (SEQBR=01H) 


Look for address mark ( A1H in ST-506 format)COMPEN= 1DTYP2=1 
(Address Mark - Data Separator will detect deliberate coding violations and 
assert WAM/AMD pin). 

Look for 2nd byte of address mark (FEH - written as normal data - no coding 








Compare cylinder number (NCYL) and save too. COMPEN=1, STACKEN=1 
Compare head number (NHEAD) and save too.COMPEN=1, STACKEN=1 
Compare sector number (NSECT) andsave too. COMPEN=1, STACKEN=1 
Check ID field ECC and save ECC bytes.Branch to read or write operation 
if positive comparison on field ID and if ECC was good (SECTBR indicates 


condition for desired sector operation).DTYP1=1 (ECC byte), 


03 04 02 00 FE 

violations) COMPEN=1 
05 06 12 00 NCYL 
06 07 12 00 NHEAD 
07 08 12 00 NSECT 
08 89 10 41 00 

STACKEN=1COUNT=1 
0A 


SECTOR READ 


Here if sector ID did not match target. Actual ID field and ECC bytes are 
available on the stack for microprocessor check. | | 


Once the sector ID field has been verified, the data field may be read. Detection of the address mark for the data 
portion of the sector proceeds as for ID field address mark, and causes the serializer/deserializer to be correctly 
synchronized with the incoming data bytes. At the end of a sector read, the microprocessor may check the ECC 
result to determine if a reread or error correction computation is required. 
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ADDR INSTRUCTION (SEQADRF SEQCONF SEQTYPF SEQDATF) 
; ST-506 Sector Read example assumes that sector ID field verification has 
been performed. 
00 01 40 00 00 ; Turnon RG 
01 02 02 AO Al ' Look for data field Address Mark (A1H)COMPEN=1DTYP2=1 (AM byte), 
DTYP0O=1, enable CLKB when synchronization occurs. 
602 F3 02 00 F8 ; Check second byte of AM. Must be F8H for ST-506 data field. Branch if AM 
bytes bad.COMPEN=1 
03 04 01 FF 00 ; Transfer 256 data bytes DATEN=1COUNT=FFH 
04 A5 00 41 00 ; Read ECC bytes, branch on error DTYP1=1 (ECC)COUNT=1 
05 ; Here if read was error free. 


SECTOR WRITE 

Sectorwrites proceed in a similar fashion to reads. Once the sector ID field has been verified, the sequencer writes 
a short gap (the ‘write splice’) and then the sector data, followed by ECC bytes and another gap. 

ADDR INSTRUCTION (SEQADRF SEQCONF SEQTYPF SEQDATF) 


; ST-506 Sector Write exampleAssumes that sector ID field verification has 
been performed. 





00 01 00 02 00 ; Skip 3 bytes 

01 02 80 0C 00 ; Turn on WG and write 13 bytes of OHCOUNT=0CHSETWG=1 

02 03 00 AO A1 ; Write first data AM byte (A1H)DTYP2=1 (AM), DTYPO=1 (Start CLKB’) 

03 04 00 00 F8 ; Write second data AM byte (F8H)DTYP2=0 since this byte is written as 
normal data (no coding violations). 

04 05 01 FF 00 Write 256 data bytes DATEN=1 (transfer enabled, data comes from buffer 
memory)COUNT=FFH 

05 06 00 41 00 ; Write 2 ECC bytes COUNT=1DTYP1=1 (ECC) 

06 07 00 02 00 ; Write three bytes of OHCOUNT=2 

07 08 20 00 00 ; Turn WG off RESWG=1 

08 ; Here when sector write is finished 


OPERATIONAL INFORMATION be compared to buffer data instead of being stored. 
This allows the sector to be searched for specific data. 
(The SEARCHOP bit in the OPCON register must also 


be set for searches). 


Sector formatting is similar to sector writing, except 
that the sector ID field is written in addition to the data 
field. The data field is also written with a fixed value 


0589 


amples of sequencer code to write specific data are 
given under sector write. When an entire track is to be 
written, the microprocessor may update ID field infor- 
mation in the sequencer RAM to reflect the next sector 
while the sequencer is. writing the current data field. 
This allows an entire track to be formatted in one 
continuous write operation. Formatting begins after the 
sequencer detects an index pulse. 


A data search operation can be implemented by a 
simple modification to the sequencer programming for 
sector read operations. When the COMPEN bit of the 
sequencer control field is enabled, incoming data will 
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read if the TRANSINH bit (data transfer inhibit) of 
OPCON is enabled, because no data will be written to 
the buffer. However, ECC checking will continue so 
that at the end of the sector, the ECC result can be 
verified. 


The controller can support extended sector sizes of 
greater than 256 bytes. One simple way to achieve 
larger sector sizes is to uSe several Sequencer data 
transfer instructions in a row. The size of the data block 
that results will be the sum of the counts for each 
transfer instruction. Large sectors may also be imple- 
mented with a single sequencer instruction by using 
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the CARRYINH bit in OPCON. Sequencer instructions 
terminate when the carry caused by an underflow of the 
byte counter is detected. When CARRYINH is set, this 
carry will not be recognized, so the counter (which is 
initially loaded with the value specified in each 
instruction’s count field) will wrap around to a full count 
(FFH). The CARRYINH bit is cleared by an underflow, 
so that if it is not set again by the microprocessor, the 
sequencer instruction will terminate after an additional 
256 bytes. This permits the sector length to be ex- 
tended in multiples of 256 bytes. 


Multi-sector reads and writes are accomplished ina 
similar manner to full track formatting. The sequencer 
is programmed as for a single sector operation. How- 
ever, when the microprocessor detects that the DATA- 
TRANS bit in the SEQSTAT register is set (implying 
that a data transfer is in progress), it alters the ID field 
information in the sequencer’s instruction RAM. When 
the data transfer for a particular sector is completed, 
the sequencer is looped back to the same sector ID 
routine. It will then start a new sector operation using 
the ID information just loaded by the microprocessor. 
This type of operation may proceed for an entire track. 


ECC IMPLEMENTATION 


The ECC hardware may be used for error correction as 
wellas checksum generation. An algorithm for locating 
and correcting read errors is described below. The 
algorithm assumes the use of a 32 bit ECC polynomial 
capable of correcting a single burst of up to 8 bit errors. 
Longer bursts or multiple bursts may be incorrectable. 
1. If an ECC error is detected (ECCERR is set in 
SEQSTAT) and error correction is needed (ie 
multiple reads fromthe same sector have failed) the 
error syndrome must be read from the ECC shift 
register and reloaded in bit-reversed order, as fol- 
lows: 
1.1. Set FEEDINH in ECCCON 
1.2 Read and save top 8 bits of shift register from 
ECC24 
1.3 Set ECCSHIFT in ECCCON 8 times 
1.4 Repeat 1.2 and 1.3 until all 4 bytes of the 
syndrome are RAM 
Copy each syndrome bit, starting with the least 
significant, to ECCIN and set ECCSHIFT after 
each copy. After 32 such operations the ECC 
shift register will contain the bit reversed pol- 
ynomial. 
2. The reverse ECC generator polynomial must be 


1.5 


written to the ECC generator. 
2.1 Configure the bit-reversed soivnomiall in the 4 
feedback registers, POLYO, POLY8, POLY16 
and POLY24. This step is not equivalent to bit 
reversing the feedback register contents, 
since the coefficients for x° and x* are fixed in 
hardware. The reverse polynomial is gener- 
ated by subtracting the exponents from 32. 
The following is a numerical example to illus- 
trate the programming of forward and reverse 
polynomials for the 32 bit computer-generated 


code: 
forward: 
ee Ge PE ERE ROE REX 
reverse: 

"324.284 x76 py 19K 17x 14 x84 (24,9: 

Forward Reverse 
POLYO 28H 22H 
POLY8 50H 02H 
POLY16 20H 05H 
POLY24 22H OAH 
2.2 Reset FEEDINH and ECCIN in the ECCCON 

register. 


The ECC shift register is operated until either the 


number of shifts exceeds the number of bits in the 
read block or the 24 least significant bits of the ECC 
register are zero. 

3.1. Compute block length in bits, including ECC 
and overhead bits. 

Initialize a shift counter to zero. 

Set ECCSHIFT to shift the ECC registers by 
one, and increment the shift counter. 

If the shift counter exceeds the block length, 
stop the computation as this means the errors 
are uncorrectable. Otherwise, if register 
ECC16 is non-zero, repeat step 3.3. 


3.2 
3.3 


3.4 


. At this point, ECC24 contains the bit-reversed error 


pattern and the shift counter indicates its displace- 
ment from the end of the block. The pattern must be 
mirrored and aligned to byte boundaries so that the 
errors in the buffer storage may be corrected. 

4.1 Subtract 7 from the shift counter, to compen- 
sate for a hardware offset internal to the SSI 
32C452. 

Subtract 32 from the shift counter. (This: is the 
number of the ECC bits). If the result is less 
than zero then no further action is required, 
since the errors occurred in the ECC portion of 
the block. 

Read the contents of ECC24 into RAM and bit- 
reverse this 8 bit quantity. 


4.2 


4.3 
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4.4 Form a 16 bit word with the reversed error 
pattern as its lower byte and zero as its upper 
byte. 

lf the lowest three bits of the shift counter are 
non-zero, left shift the 16 bit word and decre- 
ment the shift counter. 

Repeat 4.5 until the shift counter’s three least 
significant bits are zero. 

Divide the shift counter by 8, to convert bits into 
bytes. 


4.5 


4.6 


4.7 


. The position and nature of the errors are now 


known, so they may be corrected as follows: 

5.1 Exclusive OR the lower byte of the error word 
with the data byte whose offset from the end of 
the data block is given by the value of the shift 
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counter. 

Exclusive OR the upper byte of the error word 
with the data byte whose offset from the end of 
the data block is one more than the value of the 
shift counter. 

The above procedure will correct a single burst of 
errors, provided that the degree of the error is within the 
capability of the chosen code. The code whose polyno- 
mial is illustrated above is capable of correcting a 
single burst of up to 8 error bits. 

Since the error correction process is time consuming 
and ties up the ECC hardware, blocks with errors 
should be re-read to ensure that the errors observed 
are in fact hard errors. 


oe 
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RD/RFCLK SEPARATOR 
fees; SSI 32D5321 
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FIGURE 8: Partial Schematic for SCSI Implementation with Arbitration Support using SSI 32B451 
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PACKAGE PIN DESIGNATIONS 








(TOP VIEW) 
ALE {| 1 fe) 6 c gS uw O orn 
a a 
CLKA [| 2 Gobo b 2882228 
CLKB [] 3 
GPIOO [] 4 40 | 
GPIO2 39 || AD4 
GP1O1 [] 5 Gees . as 1 ADS 
GPIO2 [| 6 
P 
GPio3 [| 7 Ne 37 Ly AD6 
ONE OUTPUT 36 [] AD7 
Aus INDEX 35 1] RD 
INDEX [] 10 SECTOR 34 1] WR 
SECTOR [| 11 RST 33 cs 
RST | WANT 
sae tia SYSCLK 32 [] WAMA 
SYSCLK [] 13 
RG 31 [1] NRZ 
RG 14 ‘ 
WG [] 15 WG 30 1] RD/REFCLK 
Dif] 16 NC NC 
18 19 20 21 22 23 24 25 26 27 28 
p03 {| 17 
D5 {] 18 aaaasSsesagada 
D7 [] 19 O 
GND [} 20 
DIP PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. PKG. MARK 


SSI 32C452 Storage Controller 40 Pin DIP SSI 32C452-CP 32C452-CP 



























44 Pin PLCC SSI 32C452-CH 32C452-CH 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION 

The SSI 32C452A Storage Controller is a CMOS 
device that provides the basis for an intelligent Win- 
chester disk drive controller capable of non-interleaved 
data transfers at rates up to 20 Mbps. When combined 
with a microprocessor, memory and a buffer manage- 
ment device such as the SSI 32C453, the SSI 
32C452A implements a powerful and cost-efficient 
peripheral controller solution. It also has the flexibility to 
be used in SCSI systems. 


The SSI 32C452A includes a control sequencer with a 
writeable control store, and configuration/status regis- 
ters which can be programmed to support standard 
and custom interface protocols for storage controllers. 
Access to the control store and registers is accom- 
plished through the microprocessor interface which is 
optimized for 8 bit, multiplexed address/data bus proc- 
essors such as the 8085 . It also has the flexibility to 
interface with most standard 8-bit microprocessors. 
This organization allows the controller firmware to be 
stored in an EPROM or the host and down-loaded to 
the SSI 32C452A, and means wide flexibility of the 
control functions performed by the device. (Continued) 


SSI 32C452A 


Storage Controller 
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FEATURES 


Supports all serial data storage interfaces 
Operates with 16 MHz microprocessors 
Internal RAM-based control sequencer 


Internal user programmable ECC to 64 bits 


Internal 16 bit CRC 


Non-interleaved data transfer to 15 Mbps 
Hard or soft sector formats 


Programmable sector lengths up to a full 
track 


High performance, low power CMOS device | 


Functionally compatible with AIC-0O11 & 


“AIC-010 





Single 5 volt supply 


Available in 44-pin PLCC or 40-pin DIP 
package 
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DESCRIPTION (Continued) 


The SSI 32C452A performs all the controller functions 
for the peripheral device, such.as serialization/deseri- 
alization, ECC generation and checking on the data 
stream, and CRC generation and checking on the 
header or data stream. It also handles overhead infor- 
mation such as address marks, gaps and sector ID 
fields. If an ECC error is detected during a read, the 
syndrome is saved so that defects can be corrected. 
The ECC polynomial and register length can be pro- 
grammed or bypassed entirely so that external ECC 
hardware can be used. 


FUNCTIONAL DESCRIPTION 


The major functional elements and data paths of the 
SSI 32C452A are shown in the block diagram. 


The SSI 32C452A performs the functions.to interface 
a serial data storage device such as a Winchester disk 
drive, to a parallel bus interface for data processing on 
a byte wide basis. The functions necessary to accu- 
rately make this conversion are serialization/deseriali- 
zation, error detection and correction. for both the 
header information and data stream, and data path 
control. The SSI 32C452A also has general purpose 


interface lines to further facilitate control of the data 


storage device or parallel interface. An eight byte stack 
allows data to be saved and reviewed by the micropro- 
cessor for error handling purposes. The internal se- 
quencer performs most of the operations in conjunc- 
tion with the control and status registers. The se- 
quencer program is contained in internal sequencer 
RAM, whichis easily (re)programmed providing almost 
infinite flexibility in communcations protocols and 
controlfeatures. A microprocessor effects both initiali- 
zation and control of the SSI32C452A by writing to and 
reading from the internal registers, sequencer RAM, 
stack and general purpose |/O circuitry. The micropro- 
cessorinterface block of the SSI 32C-452A provides the 
communication and control for the SSI 32C452A inter- 
face to the microprocessor. 


The buffer interface includes a bidirectional data bus 
that exchanges data bytes between an external buffer 
memory and the serializer/deserializer. It generates 
two clocks, CLKA and CLKB which control all accesses 





to the buffer memory. Allbuffer memory cycles mustbe 





synchronous with CLKA, which is derived from the RD/ 
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REFCLK input during data transfers and from SYSCLK 


otherwise. The internal register CLKCON contains 


control bits which define the relationship between 
these source clocks and CLKA. The CLKB signal is 
asserted whenever a new data byte must be trans- 
ferred (ie. when the serializer/deserializer is full during 
a read operation or empty during a write operation). 
The direction of the transfer is determined from the 
state of the read gate (RG) and write gate (WG) lines. 
ACLKB cycle is used to force the buffer control device 
(eg. an SSI 32C453) to reserve the next buffer memory 
access for the SSI 32C 452A, since peripheral transfers 
are synchronous they take precedence over the asyn- 
chronous host transfers. In order to allow host trans- 
fers to keep up with peripheral transfers, the CLKA rate 
selected should be at least twice the word transfer rate 
of the peripheral. 








The microprocessor interface decodes micropro- 
cessor read and write requests and provides access to 
the appropriate register or internal memory location. 
Since both data and address information are carriedon 
the multiplexed bus lines ADO-AD7, address informa- 
tion is latched from the bus on the falling edge of the 
microprocessor signal ALE (address latch enable). 
When CS is asserted along with either RD or WR, the 
register whose address was previously latched is se- 
lected. The addresses and names of all the accessible 
registers are shown in the Register Address Map, 
Figure 1. The microprocessor should not read or write 
the sequencer RAM while the sequencer is running, 
since there is no circuitry to resolve conflicting ac- 
cesses and incorrect sequencer operation will result. 


The status and control registers make status infor- 
mation available to the microprocessor and allow the 
device to be configured for a wide variety of peripheral 
control applications. The microprocessor can monitor 
the status of transfers in progress and control the ECC 
register operation, the ECC polynomial, the clock 
generation hardware and the sequencer program 
execution. The microprocessor also has access to the 
sequencer’s microprogram RAM so that it loads the 
microcode for all controller operations. 


The serializer/deserializer circuit interfaces the par- 
allel buffer memory bus to the serial NRZ data stream 
of the peripheral device. Byte synchronism is main- 
tained with a bit ring, which is an 8 bit recirculating shift 
register clocked by the peripheral bit clock. During a 
sector write, the bit ring is initialized explicitly with a 
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UPPER ADDRESS NIBBLE 


sequencer instruction. The bit ring continues to 
operate until the end of the field (ECC or CRC written 
orread) andcauses CLKB to be asserted once for each 
data byte to be transferred. During write operations, 
the sequencer may cause address marks and sync 
patterns to be loaded into the serializer instead of data 
bytes. These special patterns are contained in a 
sequencer instruction and are transferred to the serial- 
izer over an internal byte wide data path. During read 
operations, bytes of overhead information may be 
routed to the stack or sequencer for comparison 
against target values. This process is controlled by the 
control field (SEQCONF) in each sequencer instruc- 
tion. 





The eight byte recirculating stack may be used to 
capture read data for later examination by the micro- 
processor. Data is pushed onto the stack under 
sequencer control. The control bit STACKEN in the 
sequencer instruction field SEQCONF directly controls 
the stack. If more than 8 bytes are written to the stack, 
only the last 8 will be saved. When a data byte is read 
fromthe top of the stack by the microprocessor via the 
STACK register, the data is recirculated to the bottom 
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of the stack, allowing the stack contents to be exam- 
ined more than once without the use of temporary 
storage in the microprocessor or buffer. 


Serial peripheral data is passed through a variable 
length shift register with programmable exclusive OR 
feedback that performs ECC generation and check- 
ing. The feedback taps for the desired ECC polyno- 
mial are selected in the eight registers POLYO - 
POLY56 and the polynomial length is determined by 
the LEN bits in ECCCON as wellas the LEN bits in EXT. 
In addition, the ECC register may be operated either 
under sequencer or microprocessor control. During 
read operations, the contents of the ECC register are 
compared to the actual ECC field read from the periph- 
eral. If there is a mismatch, the error syndrome is 
available for error correction. The ECC polynomial 
may be reversed to allow hardware computation of the 
error location, relieving the microprocessor of the bur- 
den of this lengthy calculation. During writes to the 
peripheral, the computed ECC word can be appended 
to each data or address field. The sequencer data type 
field (SEQDATF) indicates when ECC bytes are to be 
written or checked during a peripheral transfer. 





LOWER ADDRESS NIBBLE 


0 1 2 3 4 5 6 7 
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POLY16 








SEQCONF(n) 


SEQCONF(n) 







POLY24 





SEQADDR 
SEOSTAT | OPCON 


CLKCON 
WAMCON {| AMDCON | GPIOCON | GPIODAT STACK 








SEQTYPF(n) 








SEQDATFin) 





ssi 32c453 as reserveo KX 
REGISTER a DO NOT USE eats ” 


EXTERNAL Ff 
REGISTER fF 








FIGURE 1: Register Address Map 
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FUNCTIONAL DESCRIPTION (continued) 


The sequencer controls the time critical operations of 
the SSI 32C452A. It executes programs stored in the 
31 word by 32 bit sequencer RAM, and can be pro- 
grammed to support hard and soft sectored read, write, 
search and verify operations for a wide variety of 
Winchester disk drives and other peripherals. The 
sequencer RAM is loaded by writing to the sequencer 
instruction registers as outlined in the Sequencer In- 
structions section of this data sheet. Each instruction 
is Comprised of four bytes. Each of the four bytes 
represents a function. of. the sequencer. operation. 
They are address field, control field, data type field, and 
data field. The organization of these fields is shown in 
the Register Bit Map, Figure 2. The Sequencer Regis- 
ters provide controlfrom and status to the microproces- 
sor and sequencer. They contain branch, next and 
Start addresses, and sequencer status information. 
The SEQUENCER STATUS register provides infor- 
matonon the sequencer state such as whether an ECC 
error occurred, a compare equal or low occurred, if the 


_ PIN DESCRIPTION 


GENERAL 


branch condition or address mark is active, or whether 
the sequencer is halted. 


The general purpose I/O section has four general 
purpose I/O lines GPIOO - GPIO3, and the INPUT pin 
which are accessible through the internal general 
purpose input/output registers. They are available for 
user defined functions such as Winchester disk or host 
interface control. The functionality of the GPIOO - 
GPIO3 pins is programmed in the GPIOCON and 
GPIODAT registers. They can act as I/O’s asserted or 
read through the GPIODAT register, or they can be 
programmed to decode microprocessor access to 
addresses 6EH and 6FH eliminating the need for 
external decode. The INPUT signal can be pro- 
grammed in the SEQADRF RAM (registers) to affect 
sequencer operation and the state of the pin read from 
the GPIODAT register. The other general purpose line, 
OUTPUT is controlled directly by the sequencer to 
synchronize it with external circuitry. The OUT bit of the 
GPIODAT register reflects the state of the output pin. 


ror] PLCC TYPE DESCRIPTION 


POWER SUPPLY +5 volts 


GROUND 


RESET - Active low signal halts the sequencer, sets 
output pins RG, WG, WAM and NRZ low, forces the 


GPI 


O pins into a high impedance state and resets a 


number of the registers as described below. 





SYSTEM CLOCK - Clock input in the range of 1.5 MHz 
to 16 MHz 


ADDRESS LATCH ENABLE - Falling edge latches reg- 
ister address from ADO-7 pins. 





CHI 


P SELECT- Active high signal enables device to 


respond to microprocessor read or write. 
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PIN DESCRIPTION (Continued) 


WRITE STROBE - Active low signal causes the data on 
the address/data bus to be written to the addressed 
register if CS is also active. 





READ STROBE - Active low signal causes the contents 
of the addressed register to be placed on the address/ 
data bus if CS is also active. 
ADDRESS/DATA BUS - 8 bit bus which carries register 
address information and bi-directional data. These pins 
are high impedance when not in use. 


GENERAL PURPOSE I/O LINES - These lines can be 
| programmed as an inputs or outputs which are accessed 
. | though the GPIODAT register. They may also be pro- 
grammed to serve as active low outputs which decode 
microprocessor accesses to the following locations: 
/O pin Altern 
GPIOO Write to 6EH 
GPIO1 Read from 6EH 








GP1O2 Write to 6FH 
GPIO3 Read from 6FH 








INPUT PIN - This dedicated input line may be read 
through the GPIODAT register or tested directly by the 
control SEQuenCel 


OUTPUT OUTPUT PIN - Dedicated output line which is derived 
directly from the control sequencer instruction field. 


DISK DRIVE INTERFACE | 
INDEX | INDEX PULSE - Active high disk drive index pulse input, 
must be at least one byte time long. 
SECTOR 11 : SECTOR PULSE - Active high sector pulse input from 
| disk drives that are hard sectored, must be at least one 
byte time long. | 











READ GATE - Active high output from control sequencer 
enables external phase-locked loop (PLL) to synchro- 
nize to read data stream from the storage device. 
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PIN DESCRIPTION (continued) 


DISK DRIVE INTERFACE (continued) 


cE PLCC TYPE DESCRIPTION " 


15 WRITE GATE - Active high output from control se- 
ea indicates valid write data to the storage device. | 





RD/REFCLK 26 READ/REFERENCE CLOCK - This input must be 


externally multiplexed to provide the PLL clock when 

read gate is active and the write oscillator clock at all 

other times. This pin must always be driven with a clock 
ena), even when RSTi is active. 

NRZ 27 Ot ; Wo NRZ DATA - This bi-directional pin provides write data 
when WG is active, and must be driven with read data 
when RG is active. Data must be in the NRZ format. 

AM/AMD 28 32 /O WRITE ADDRESS MARK/ADDRESS MARK DETECT - 

This bi-directional pin is used to write and detect address 
marks. When WG is active, a low level output of one bit 
time on this pin indicates that an address mark must be 
written. When RG is active, the peripheral must provide 
an active low input to indicate the detection of an address 
mark. 

















BUFFER INTERFACE 


CLOCK A - Clock signal which initiates host or controller 
accesses to the buffer memory on its falling edge. When 
either RG or WGis active, this output is derived from RD/ 
REFCLK. At all other times it is derived from SYSCLK. 
The clock source is divided by 2 or 4 as programmed in 
the ieieibcheean elle 








CLOCK B - This clock is used to reserve CLKA cycles for 
$S$!132C452 datatransfers. Anactive low pulse spanning 


a falling edge of CLKA indicates that the next falling edge — 


on CLKA will be used by the SSI Seunee to access the 
buffer EMIONY, 








16-19 18-21 | -_ BUFFER DATABUS - Bi-directional data bus that carries 

22-25 25-28 | data to and from the buffer memory. Bus cycles are 
controlled by CLKA and CLKB. Direction of the transfer 
is determined by RG and WG. Note: refer to pin diagram 
for exact eIenng of the pines 





No connects on PLCC package: 17, 23, 24, 29, 44 
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READ/ 

REGISTER ADDRESS 7 6 5 4 3 2 1 0 WRITE 
sean Ta Pom 
WAMCON 7BH AM7 - AMO Ww 
AMDCON 7CH AMD7 - AMDO WwW 













GPIOCON 7DH | RGFSEL | warFseL | RGESEL | wceseL | aPoiRs | GPpiRe | GepiRt | GPDIRO 
GPIODAT —7EH UNUSED INP GPI GPO 
CLKCON  7FH | CLKF2 | CLKF1 | UNUSED | CLKFO | CLKINH | SYN2 | SYNI Ww 


STACK 7FH TOP OF STACK R 


2 


















SEQADDRF 80H BRCON2 BRCON1 BRCONO NEXT4 NEXT3 NEXT2 NEXT1 R/W 

SEQCONF AOH SETRG RESWG ; STACKEN | NRZINH OUTPIN COMPEN R/W 

SEQTYPF COH CNT6/ CNT5/ CNT4 CNT3 CNT2 CNT1 R/W 

SEQDATF EOH DATA FIELD R/W 
FEH 





FIGURE 2: Register Bit Map 
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REGISTER DESCRIPTION 


The microprocessor which controls the system has 
-accessto allthe SSI 32C452A registers and sequencer 
RAM through its external memory address space. The 
SSI 32C452A and its companion device, the SSI 
32C453 Dual Port Buffer Controller, are designed to 


occupy a single 256 byte page. The 8 bit page address | 
is latched from pins ADO-AD7 on a falling edge of ALE 


and remains valid until the next ALE falling edge. 


The external registers described at the end of this | 


section are notimplementedin eitherthe SSI 32C452A 
or SSI32C453, and are assumed to be implemented in 
external hardware. These external registers are not 


required for use with the SSi 32C452A, but are in- | 


Cluded as applications information. — 
ECC REGISTERS 


The core of the ECC circuit is a 64 bit shift register 
whose effective length may be programmed to be 16, 
24, 32, 48, 56 or 64 bits. This is accomplished in 
hardware by directing the input data to stage 48, 40, 32, 


ECCCON 71H Read/Write | 


ECC CONTROL WORD 


16, 8 or 0 of the ECC shift registers while its output is 
always bit 63, which is bit ECC63 of register ECC56. 


The ECC polynomial to be implemented is pro- 
grammed by the user into the ECC feedback registers, 
POLYO, POLY8, POLY16, POLY24, POLY32, 
POLY40, POLY48 and POLY56. Each bit in these reg- 


~ isters enables or disables exlusive OR feedback to the 


output of the corresponding shift register stage. The 
feedback signal is the exclusive OR of the serial data 
stream with the output of shift register stage 63. An 
override bit in ECCCON forces normal shift register 
operation, regardless of the settings of the feedback 
control bits. 

WhanWGor RG are active thea Ere shift regis ter input 


When V VNAVI no) VlIVO, Ie Lewy of 


_ is the serial read or write data and the shift clock is RD/ 


REFCLK. When an ECC word is being written, feed- 
back is disabled and the shift register output is substi- 
tuted for the data stream. At other times the micropro- 
cessor may set the ECCIN bit explicitly and cause a 
single shift register clocking to occur. For further 
information on implementing an ECC polynomial see 
the Applications Information Section at the end of this 
data sheet. 








DESCRIPTION 














ECC SERIAL INPUT - When both RG and WG are inactive, this bit becomes the 
input bit for the ECC shift register. The RD/REFCLK must always be active for 
correct operation of the device. 





ECC SHIFT CONTROL - When both RG and WGa are inactive, a single shift of the 
ECC register will occur when this bit is set. It is automatically cleared again when 
the shift is complete. 





ECCSHIFT 








ECC FEEDBACK INHIBIT - When this bit is set tall jieadpack is inhibited and the 
_ ECC register functions as a simple shift register of the selected length. 


CLEAR ECC - If this bit is set when either RG or WG are active, the ECC syndrome | 
will be cleared at the end of the read/write operation. If both are inactive, the 
syndrome will be cleared immediately. 


ENABLE SECTOR BRANCH £-- If the sequencer “branch on index or sector’ 
instruction is executed and SECTBR is set, the sequencer will recognize the 
branch condition as true if either the INDEX or the SECTOR pin is active. If 
SECTBR is cleared, then the sequencer will only recognize the branch condition 
if the INDEX pin is active. 


FEEDINH 











CLRECC 











SECTBR 
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ECC REGISTERS (continued) 


DESCRIPTION 


CHIP RESET - When this bit is set, the SSI 32C452A will be held in its reset state. 
This bit is set when RST is true. 7 


ECC REGISTER LENGTH - These two bits, together with bits 6 and 7 of Register 

63 (LEN2 & LENS), select ECC register length as follows: 

LENO LENT LEN2 LEN3 
X 














X 16 bit register 
X 24 bit register 
X 32 bit register 
0 illegal combination 
1 48 bit register 
1 56 bit register 
0 64 bit register 








Reset State: ECCCON= 20H 





~ i ooo 0o--"oOo 


ie. RESET=1) 


ECC16 72H Read Only 





ECC DATA 








BIT}; NAME DESCRIPTION 











ECC0/48 
bits from the input stage through bit 48. For 16 bit operation, this is bit 48. For 24 
bit operation this is bit 40 + bit 41 + .. + bit 48. For 64 bit operation, this is bit 0 + 
bit 1+... + bit 48. 


1-7 ECC49-ECC55} ECC REGISTER BITS - These bits reflect the output of ECC shift register stages 
49 to 55. 


Reset State: Unknown 











ECC24 73H Read Only 


ECC DATA 





DESCRIPTION 





ECC56-ECC63} ECC REGISTER BITS - These bits reflect the output of ECC shift register stages 
56 to 63. 


Reset State: Unknown 
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ECC REGISTERS (continued) 


POLYO 64H Write Only 


ECC POLYNOMIAL 








DESCRIPTION | 








ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 





feedback of both the shift register output (bit 31) and the serial input to the output 
of shift register stages 0 to 7. These settings may be overriden by the FEEDINH 
bit in ECCCON. For ECC register lengths other than 64 bits, FO-F7 are irrelevant. 


Reset State: POLYO = 00H 














POLY8 65H Write Only 


ECC POLYNOMIAL 








DESCRIPTION 
ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 
feedback to the output of shift register stages 8 to 15. For register lengths other 
than 56 or 64 bits, F8-F15 are irrelevant. 





Reset State: POLY8 = 00H 





POLY16 66H Write Only 


ECC POLYNOMIAL 











NAME DESCRIPTION 





ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 
feedback to the output of shift register stages 16 to 23. For ECC register lengths 
other than 56 or 64 bits, F16-F23 are irrelevant. 


Reset State: POLY16 = 00H 


F16-F23 
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ECC REGISTERS (continued) 


POLY24 67H Write Only 


ECC POLYNOMIAL 








BIT NAME DESCRIPTION 





0-6 F24-F30 ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 


feedback to the output of shift register stages 24 to 30. For ECC register lengths 














unused 


Reset State: POLY24 = 00H 





POLY32 74H Write Only 
ECC POLYNOMIAL 


BIT| NAME DESCRIPTION 


0-7 F32-F39 ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 
feedback of both the shift register output (bit 63) and the serial input to the output 
of shift register stages 32 to 39. These settings may be overriden by the FEEDINH 
bit in ECCCON. For ECC register lengths of 16 or 24 bits, F32-F39 are irrelevant. 


Reset State: POLY32 = 00H 





POLY40 75H Write Only 


ECC POLYNOMIAL 








DESCRIPTION 











F40-F47 ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 
feedback to the output of shift register stages 40 to 47. For register lengths of 16 © 
bits, F40-F47 are irrelevant. 








Reset State: POLY40 = 00H 
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ECC REGISTERS (continued) 


POLY48 76H Write Only 


ECC POLYNOMIAL 





BIT NAME DESCRIPTION 





0-7 F48-F55 ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR | 
feedback to the output of shift register Stages 48 to 55; 


Reset State: POLY48 = 00H 








POLY56 77H Write Only 


ECC POLYNOMIAL 





NAME DESCRIPTION 











F56-F62 ECC POLYNOMIAL FEEDBACK - These bits enable or disable exclusive OR 
feedback to the output of shift register s stages ! 56 to 62. 


unused 


Reset State: POLY56=00H _ 














EXTENSION REGISTERS 
EXT 63H Write Only 


DESCRIPTION 








LEN2-LEN3 Used to select ECC register length. Please see ECCCON description for detail. 
_ Only in effect if LENO & LEN1 of ECCCON are 01 pattern. 








If LENO & LEN1 of ECCCON are 01 pattern, this bit selects Mode 1 if it is set. 
_ Otherwise, Mode 0 is selected. | 

When in Mode 1, a 16-bit CRC is enabled, and the sequencer RAM control field 

has a different control arrangement. Please see description of SEQCONF oe 

BFH). 
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SEQUENCER STATUS AND CONTROL 
REGISTERS 


The sequencer controls all the time-critical interactions 
with the peripheral storage device being controlled by 
the SSI 32C452A. The instructions directly control disk 
drive interface lines, provide data for writing or com- 
parison, determine the number of bytes handled and 
control the sequence of instruction execution. It is 
programmed by the user for maximum capability and 
variability. There are 31 instructions which are 32 bits 


‘wide. They are divided into 4 byte wide fields. These 


fields are sequencer address, control, data type and 
data fields. These may be further divided into sub- 
fields as described in detail below. Examples are 
shown in the Applications Information section at the 
end of this data sheet. 


The next address field of the sequencer instruction 


‘contains address and branching information. Each 


instruction is executed for the duration of the number of 
byte times specified in its count field. The specified 
SEQBR/78H Read/Write 


SEQUENCER BRANCH ADDRESS 


DESCRIPTION 
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count is loaded into a down counter which clocks every 
8 bit times. When the counter underflows execution of 
that instruction is terminated. A carry inhibit feature 
allows the counter to wrap around to a full count for 
fields which are more than 256 bytes long. Execution is 
passed to the instruction at the specified next address, 
unless a branch condition is specifed in the instruction 
(eg. ECC error or successful data comparison). In that 
case, execution passes to the address specified in the 
SEQBR register. Sequencer operation may also be 
conditionally stopped. The sequencer will always stop 
if execution passes to address 1FH, which is outside of 
the 31- word instruction control store. 


The control field of the sequencer instruction is used to 
specify the state of RG and WG, to move data to the 
stack and to select data transfer or data comparison 
operations. The count field sets the duration of each 
instruction in byte times and is also used to select the 
type of data written, such as address marks or ECC 
bytes. 





0-4 BRADRO 
- BRADR4 


BRANCH ADDRESS BITS - When a sequencer instruction with a branch 
condition is finished (ie. the specified number of byte times have elapsed) and the 
specified condition did occur, execution will resume at this 5 bit address. 








5-7 unused 





Reset State: Unknown 





SEQADDR 79H Write Only 


SEQUENCER START ADDRESS 


DESCRIPTION 

SEQUENCER START ADDRESS BITS - If the sequencer is currently halted, 
(Bit 4 of Register 79, SEQSTAT, is set) writing this register with an address in the 
range OOH to 1EH will cause sequencer execution to commence at that address. 
tf this register is written with 1FH , the sequencer will halt. 


STADRO 


- STADR4_ 





unused 








Reset State: Unknown 
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SEQSTAT 79H 
SEQUENCER STATUS 
BIT| NAME 
COMPEQ 
1 COMPLO 
2 ECCERR 
not used | 
STOPPED. 
~ BRACTIVE 









egies. 


Read Only 


DESCRIPTION 





COMPARE EQUAL - When a sequencer instruction enables the comparison 


operation, this bit reflects the result of all the byte comparisons performed (ie. if it 
is set then all bytes compared so far have been equal.) If RG is enabled, the 


comparisons occur between the instruction’s data field and the data bytes being | 
read (or buffer memory if the SEARCHOP bit in OPCON is true as well). 





COMPARE LOW - Similar to COMPEQ, except that it indicates that in all 


comparisons the data field was smaller than the compared byte. 





ECC ERROR - This bit is set during RG active, upon reading the last ECC bit, if 
there was an error inthe data read. The error syndrome will be stored in the ECC 











DATATRANS 


AMACTIVE 


Reset State: OOH 








SEQUENCER STOPPED - This bit is set when the sequencer is stopped andits | 
instruction a address is 1FH. 





BRANCH AC ACTIVE - This is set when the branch condition specified in the current 
instruction has been satisfied. This means that the next address used will be taken 
from the SEQBR register. This bit is reset when the microprocessor reads this 
register. 








DATA TRANSFER - This bit is set when the current sequencer instruction is 


causing data to be transferred between the buffer memory and the peripheral 
_ device. This distinguishes the activity from a search or verification operation. 








ADDRESS MARK ACTIVE - This bit is set when the controller reads or writes an 
address mark or sync byte. It is reset after the ECC bytes are read or written, or 


when the sequencer is is halted. 
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SEQUENCER INSTRUCTION REGISTERS 


The 4 fields of 8 bits comprising a single sequencer instruction are detailed below. They are presented as 
arrays of 31 bytes each, corresponding to the 31 instructions at sequencer addresses 0 to 1EH. 


SEQADRF(n) 80H-9EH Read/Write 


SEQUENCER ADDRESS FIELD ARRAY 





NAME DESCRIPTION 








NEXTO-NEXT4}| NEXT ADDRESS FIELD - This 5 bit field eee the address of the next 
instruction to be executed when the current instruction has continued for the 
specified number of bytes. 


BRCONO BRANCH CONTROL FIELD - This 3 bit field Saeeiies the branch condition | 

-BRCON2 for the current instruction. When a branch condition is satisfied, execution of the | 
current instruction is not curtailed. It continues to execute for the full byte count 
specifed, and then the sequencer proceeds with execution of the address specified 
in SEQBR. The branch condition used depends on the state of RG and data type 
field (See SEQTYPF). If RG is true and ECC bytes are being read, the following 
branch conditions apply: | 
BRCON2/1/0=| 000. “No branch - ee 

001 Stop on ECC error 


010° Stop on comparison error | 
_011 Stop on ECC or comparison error - 
100 Branch on good ECC and comparison 


101 Branch on ECC error 
























































No branch _ 
01 Stop if INPUT pin active ; 
Stop if INDEX or SECTOR. pin active (see SECTBR bit 
of register ECCCON). 
___ Stop if comparison error _ 
: 100 Branch on carry (from byte counter). 
101. Branchon ECC error | 
110 Branch if INDEX or SECTOR pin active (see SECTBR 
_ bit of register ECCCON). 


11 Branch c on n comparison € error 






































Reset State: The contents of the sequencer RAM are unchanged. 
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SEQUENCER INSTRUCTION REGISTERS (continued) 


- SEQCONF(n) AOH-BEH 


SEQUENCER CONTROL 
BIT}; NAME 
DATEN 


1 COMPEN 


2 OUTPIN 







NRZINH 


STACKEN 





_RG latch is connected to the RG pin. _ 


Read/Write 
FIELD ARRAY 


DESCRIPTION | 





DATA TRANSFER ENABLE - When this bit is set, the SSI 32C452A will generate 
CLKB requests to transfer data bytes to or from buffer memory, depending on 
whether WG or RG is active. 


COMPARE ENABLE - When this bit is ; set stand RGi is active, read data bytes from 
the peripheral will be compared with the instruction data field (SEARCHOP reset 
in the OPCON register) or the buffer memory data (SEARCHOP set). The results 





of the comparisons are OR’ed together for the duration of the instruction and can 


_be used for a branch condition or tested by the microprocessor. 
OUPUT PIN CONTROL - This bit appears on the OUTPUT pin and may Be used 


| to synchronize external circuitry to th the sequencer. _ 


NRZ DATA INHIBIT - When RG is active and this bit is set, the NRZ data input will 


be ignored. This is useful while external data recovery Circuits start up. 





STACK WRITE ENABLE - While this bit is set, bytes of NRZ data are pushed onto 
_|_ the recirculating stack. 





RESET WRITE GATE 

MODE 0 - Used to turn off WG signal. WG latch will be cleared at carry and bit ring 
4 time when the sequencer word with this bit set is executed. WG latchis also reset 
when the sequencer comes to the stop state. Note: RG latch is always reset at 
_ the end of ECC. 





MODE 1 - CRC Select: 1 = ECC generates o or r checks a fixed 16-bit CRC. 

0 = Normal ECC function. 
This bit must stay on or off fromthe time RG or WG is turned on until they are turned 
off. 


Ser. READ GATE 

MODE 0 - RG signal will be set ainen the sequencer word with this bit set is 
executed. The RG latch willbe reset at the end of ECC orwhen the sequencer goes 
to the stopped state. RG latch will not be set if WG is already on. The output of 








SET WRITE GATE 

MODE 0 - WG signal will be set when the sequencer word with this bit set is 
executed. The WG latch will be set at bit ring 4 time. After this is set, WG control 
will be reset by executing a sequencer word with RESET WG bit set or when the 
sequencer goes to the stopped state. WG latch will not be set if RG is already set. 
The output of the WG latch is connected to the WG pin. 
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SEQUENCERS INSTRUCTION REGISTERS (continued) 





MODE 1 - Bit 7 = 0, Bit 6 - = 4 - Set Read Gate: 

RG signal will be turned on when the sequencer word with this bit pattern is 
executed. This pattern is equivalent to setting bit 6 in mode 0. Please refer to the 
paragraph describing Bit 6 in Mode 0 for functional details. 


MODE 1 - Bit 7 = 1, Bit 6 = 0 - Set Write Gate: 

WG signal will be set when the sequencer word with this bit pattern is executed. 
This pattern is equivalent to setting bit 7 in mode 0. Please refer to the paragraph 
describing Bit 7 in Mode 0 for functional details. 
MODE 1 - Bit 7 = 1, Bit 6 = 1 - Reset Write Gate: 

This is equivalent to setting bit 5 in mode 0. The WG signal will be turned off when 
the sequencer word with this pattern is executed. Please refer to the paragraph 
describing Bit 5 in Mode 0 for functional details. 


Note: Mode 0 - Bit 4 of register 63 is 0, the default. 
Mode 1 - Bit 4 of register 63 is 1. 


Reset State: The contents of the sequencer RAM are unchanged. 

















SEQTYPF(n) | COH-DEH Read/Write 


SEQUENCER DATA TYPE FIELD ARRAY 





BIT| NAME DESCRIPTION 








0-4 CNT0-CNT4 COUNT FIELD - The current sequencer instruction is executed for the number of 
byte times specified by the count field. If the DATEN bit is set, the count is specified 
as an 8 bit quantity (CNTO-CNT7). If DATEN is reset, the count is specified as a 
5 bit quantity (CNTO-CNT4), and the upper three bits of this instruction field are 
interpreted as data type bits, described below. 








CNT5/DTYPO COUNT BIT 5 OR DATA TYPE ie When this bit is interpreted as a data type bit, 
it is used to initialize the bit ring with a single 1. This will occur at the next CLKA 
cycle. This starts CLKB so that write data bytes willbe fetched from buffer memory. 
The bit ring will be Cleared after the ECC is written. _ 


CNT6/DTYP1 COUNT BIT 6 OR DATATYPE BIT 1 - When this bit i is interpreted as a data type 
bit, it indicates that ECC information is being read or written. 








CNT7/DTYP2 COUNT BIT 7 OR DATA TYPE BIT 2 - When this bit i is a interpreted as a data 





Note: When DATEN is reset, and CNT5/DTYPO, CNT6/DTYP1 “iid CNT7/DTYP2 are being interpreted as 
data type select bits, the upper 3 bits of the byte counter are forced to 0 regardless of the settings of the data 
type bits. When all 3 data type bits are 0, the data field is interpreted as normal binary data. 











Reset State: The contents of the sequencer RAM are unchanged 
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SEQUENCER INSTRUCTION REGISTERS (continued) 


SEQDATF 


EQH-FEH Read/Write 


SEQUENCER DATA FIELD ARRAY 


BIT | NAME DESCRIPTION 


- DATO-DAT7 


Reset State: The contents of the sequencer RAM are unchanged. | 








DATA FIELD - When RG is active, the byte in this field is used for comparison 
operations. If WG is active, DATATRANS is setand TRANSINH (Transfer Inhibit 
bit in OPCON register) is set, the write data will come from this field. This allows 
the sequencer to generate the necessary overhead bytes while writing a sector. 











DISK DRIVE INTERFACE REGISTERS 


The disk drive interface registers provide control and status for the interface of the SSI 32C452A to the 


disk drive (peripheral device), and for data transfer to the buffer or host. 


OPCON 7AH 


Read/Write 


OPERATION CONTROL WORD 


3 
4 








Peeer on 











INDEXP 


SECTORP 


INDEX PULSE DETECTED - This bit is set when an index pulse is encoun- 
tered and reset each time the register is read. The bit will be reset even if the 
INDEX pin is true during the access. 


SECTOR PULSE DETECTED - This bit is : set when a sector pulse is encoun- 
tered and cleared each time the register is read. The bit will be cleared even if 
the SECTOR pin is true during the read access. This bit is only used with hard- 
sectored disk drives. 














NRZDAT 


UNUSED 


SEARCHOP. 


NRZ DATA IN - This bit is set when a rising edge is detected on the NRZ pin. 


and RG is active. It is reset when the register is read. 











SEARCH OPERATION - Setting this bit will cause comparisons to occur be- 
tween the contents of the buffer memory and the read data bytes from the 


peripheral. If SEARCHOP is reset, then read data bytes will be compared to | 


the sequencer instruction data field. 
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DISK DRIVE INTERFACE REGISTERS (continued) 


ei] NAME | DESCRIPTION 


TRANSINH DATA TRANSFER INHIBIT - If WG is active and this bit is set, then the write 
data will come from the sequencer instruction data field instead of the buffer 
memory. If RG is active and this bit is set, then the read data bytes are used for 
comparisons only and are not written to buffer memory. Setting this bit will | 
suppress CLKB so that no buffer memory transfers occur. 





























SEQUENCER COUNTER CARRY INHIBIT - When this bit is set, the se- 
quencer will not detect a carry (underflow) in its byte counter. This bit is reset | 
when a Carry occurs. 


CARRYINH 













| Reset State: Bits 7,5, 4, 2-0 are reset to 0; Bits 6, 3 are unknown 





WAMCON 7BH Write Only 


WRITE ADDRESS MARK CONTROL 


BIT NAME DESCRIPTION 





0-7 AM0-AM7 ADDRESS MARK BITS - When WG is active and the sequencer instruction 
specifies that an address mark is to be written (DATATRANS is reset, DTYP2 


is set) the bits AMO-AM7 will be shifted out on the WAM/AMD pin. The pattern 
is delayed by two bit times to compensate for the encoder delay. 





Reset State: Unknown 





AMDCON 7CH Write Only 


ADDRESS MARK DETECT CONTROL 








DESCRIPTION 





AMD0-AMD7 ADDRESS MARK DETECT CONTROL - When RG and the WAM/AMD input 

eo are active, the NRZ data stream is compared to the contents of this register. 
Byte synchronization is established when a match occurs. The number of bits 
used in the comparison is determined in the CLKCON register. 








Reset State: Unknown 
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DISK DRIVE INTERFACE REGISTERS (continued) 


CLKCON 7FH Write Only 





CLOCK CONTROL 
BIT| NAME DESCRIPTION 


0-2 SYNO-SYN2 SYNC COMPARE CONTROL - These 3 bits determine which bits in register 
AMDCON are used when looking for the sync byte, as follows: 


SYN2/1/0 = | 000 _~ Bit 7 used 
a | 001 Bits7,6used 
010 Bits 7,6,5 used. 


_011 Bits 7,6,5,4 u used 


; 100 | Bits 7,6,5,4,3 used - ar: 
101 Bits 7,6,5,4,3,2 used es eee 


110 110 _ Bits 7,6,5,4,3,2," 1 used | 
111 ~All bits used 














3 CLKINH CLOCK INHIBIT - When this bit is set, CLKA and CLKB are forced to a high 
_______| Impedance state, 
4 CLKFO CLOCK FREQUENCY SELECT - This bit sets the relationship between CLKA 





and RD/REFCLK when data transfers are in progress. When it is set, CLKA will 
be 1/4 the RD/REFCLK frequency and when it is reset, CLKA will be 1/2 the 
RD/REFCLK frequency. 





Unused 7 


6-7 | CLKF1-CLKF2 | CLOCK FREQUENCY SELECT - These bits determine the relationship be- 
tween the frequency of CLKA and SYSCLK when no data transfers are in 
progress, as follows: _ 


CLKF2/CLKF1= 





00 1/4 frequency 

_01  Wetrequency 
_10  samefrequency | |. 
11) _illegal combination 





Reset State: Bits 7, 6, 4, 3 are reset to 0: Bits 2- 0 are unknown - 


STACK 7FH Read Only 


TOP OF STACK 





| This register provides the microprocessor read access to the top of the 8 byte stack. Each read operation 
| causes the stack data to recirculate, with the top of the stack moving to the bottom. When the sequencer 
writes data to the stack, the byte on the bottom of the stack is lost. 
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GENERAL PURPOSE INPUT/OUTPUT REGISTERS 
GPIOCON 7DH Read/Write 


GENERAL PURPOSE I/O CONTROL 


GPDIRO GENERAL PURPOSE I/O LINE DIRECTION- These bits program the 
-GPDIR3 direction of lines GPIOO to GPIO3. The direction bits are set for outputs and 
reset for inputs. 


W6ESEL W6E SELECT - If this bit is set along with GPDIRO, the GPIOO pin becomes an 














active low output signal decoding a microprocessor write to location 6EH. 


R6ESEL R6E SELECT - If this bit is set along with GPDIR1, the GPIO1 pin becomes an 
| active low output signal decoding a microprocessor read from location 6EH. 


W6FSEL W6F SELECT - If this bit is set along with GPDIR2, the GPIO2 pin becomes an 
active low output signal decoding a microprocessor write to location 6FH. 


R6FSEL R6F SELECT - If this bit is set along with GPDIR3, the GPIO3 pin paconies< an 
active low output signal decoding a microprocessor read from location 6FH. 


























Reset State: Bits 3-0 are reset to 0; Bits 7, 5 are unknown 





GPIODAT 7EH Read/Write 


GENERAL PURPOSE I/O DATA 


GENERAL PURPOSE I/O PIN STATUS - These bits represent the state or 
output data for the GPIOO to GPIO3 pins, depending on the direction pro- 
grammed in the GPIOCON register. a 


INPUT PIN STATUS - This bit reflects the data on the INPUT pin. 


OUTPUT PIN STATUS - This bit reflects the data on the OUTPUT pin. The 
OUTPUT pin is actually written to by the sequencer. 









































Reset State: Bits 3-0 are reset to 0 in the output direction and are not reset in the input direction 
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MICROPROCESSOR INTERFACE REGISTERS 


SPECIAL ADDRESS DECODES 50H-51H Read/Write 


Special decodes 





Microprocessor accesses to these locations will cause the address/data bus (ADO-AD7) and the buffer 
data bus (D0-D7) to be bridged together internally (see external register description). 





BUFACC 70H | Read/Write 


BUFFER ACCESS 


Microprocessor accesses to this location cause the address/data bus (ADO-AD7) and the buffer data bus 
(D0-D7) to be bridged together internally. If a read cycle is performed, the data present will be latched into 
register DLR as well. | 











EXTERNAL REGISTERS (for reference only) 
HOSTL — 50H Read/Write 


HOST BUS (LOWER BYTE) 


External hardware may be used to connect the lower byte of the host bus to the buffer memory when this 
address is accessed. 





HOSTH 51H Read/Write 


HOST BUS (UPPER BYTE) 


External hardware may be used to connect the upper byte of the host bus t to » the butter memory when this 
address is accessed. : 











GPREGO. 6EH Read/Write 


GENERAL PURPOSE REGISTER 0 ee eee 


Systems which need extra /O on the microprocessor data bus may ake advantage of the strobes 
available on pins GPIOO (write) and GPIO1 (read) to add an expansion port at this address. 








GPREG1 6FH Read/Write 


GENERAL PURPOSE REGISTER 1 


Systems which need extra I/O on the microprocessor data bus may ‘take advantage of the strobes 
available on pins GPIO2 (write) and GPIO3 (read) to add an expansion port at this address. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 





Ambient Temperature Under Bias 





Storage Temperature 
Voltage On Any Pin With Respect To Ground GND -0.5 or VCC +0.5 














Power Supply Voltage 7.0 





Max Current Injection 








NOTE: Stress above those listed under Absolute Maximum Ratings may cause permanent damage to 
the device. This is a stress rating only and functional operation of the device at these or any conditions 
above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. | 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER CONDITIONS 





VCC Supply Voltage 





TA Operating Free Air Temp. 





Input Low Voltage 








Input High Voltage 
D. C. CHARACTERISTICS 
TA = 0°C to 70°C, VCC = 5V + 5%, unless otherwise specified. 


PARAMETER CONDITIONS 





Input Low Voltage ; 








Input High Voltage 





Output Low Voltage (WG, RG) IOL = 4 mA 
All Others lOL=2mA > 
Output High Voltage == | IOH=400mMA ss 
Supply Current Standby Inputs at GND or VCC _ 

















Supply Current 








Power Dissipation 
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D. C. CHARACTERISTICS (continued) 


PARAMETER CONDITIONS 
| Input Leakage OV <Vin< VCC 





; : 
OL Output Leakage 0.45V < Vout < VCC 


in Input Capacitance 


Cout Output Capacitance 





A. C. TIMING CHARACTERISTICS 
TA = 0°C to 70°C, VCC = 5v + 5%, unless otherwise specified. | 
Load conditions for all pins is - 30pF. Timing measurements are made at 50% of rising or falling edge. 


Note: J indicates falling edge: 7 indicates rising edge. 


MICROPROCESSOR INTERFACE TIMING (See Figure 3.) 





PARAMETER 


S __ SYSCLK Period 
SYSCLK Assert to De-assert 
SYSCLK Rise and Fall 
ALE Width 




















ALE J to WR J 


ALE J to RD J 
WR Width 


RD Width 




















ADO - AD7 in Valid to ALE J 





ALE J to ADO - AD7 in Invalid 
CS T to ALE J 
RD T or WR Tto CS L 


ADO - AD7 in Valid to WR T 
WR T to ADO - AD7 in Invalid 
RD J to ADO - AD7 out Valid 


RD T to ADO - AD7 out Invalid 
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SYSCLK 




















REGISTER READ OPERATION 


eL™N 


ADDRESS IN | DATA OUT 
ADO - AD7 

















FIGURE 3: Microprocessor Interface Timing 
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A. C. TIMING CHARACTERISTICS (continued) 
PERIPHERAL DEVICE INTERFACE TIMING (See Figure 4.) 
PARAMETER | CONDITIONS 


RD/REFCLK Period 
T/2 RD/REFCLK Assert to De-assert 
Tr RD/REFCLK Rise Time T = 62.5 ns 
Tf RD/REFCLK Fall Time | T = 62.5 ns 


Ds NRZ in Valid to RD/REFCLK 7 Set-up time 


RD/REFCLK 7 to NRZ in Invalid | Hold time 
rue t 














ATTN | +n DOM 


Qatiaun $i 
AMD Vv io RD/REFCLK | oéi-up ime 


RD/REFCLK T to NRZ out 
RD/REFCLK T to WAM J 
RD/REFCLK T to WAM T 








CLKA Period 

CLKA Assert to De-assert 

CLKB 1 to CLKAL 

CLKA J to CLKB T 
CLKA T to DO-D7 out Valid 
CLKA 7 to DO-D7 out Invalid | 
DO - D7 in Valid to CLKA J 


CLKA J to DO - D7 in Invalid 
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READ CYCLE 


RD/REFCLK 


WRITE CYCLE 


RD/REFCLK 


NRZ out 


WAM 
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~—Dis —+|-— Dih—> 


FIGURE 5: Buffer Interface Timing 
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A. C. TIMING CHARACTERISTICS (continued) 


EXTERNAL REGISTER TIMING (See Figure 6.) 


PARAMETER CONDITIONS MIN | NOM | MAX UNIT 
DO - D7 in Valid to | 
ADO - AD7 out Valid 55 


Tra RDJto DO - D7 in Valid DO-D7 stable | 
before RD J 
Trh RD T to ADO-AD7 out Invalid | a ae 50 7 














Tad ADO - AD7 in Valid ee 
to DO - D7 out Valid | ze 








Twa WR J io DO - D7 out Vaiid ADO- AD 7 stabie | 60 
before WR J. fe 
Twh WRT to DO - D7 out Invalid 50 








ADDRESS DECODE 6E AND 6F TIMING (See Figure 7.) 


PARAMETER 


CONDITIONS 
Taf D or WR J to Strobe J 















Oo | O 


Tor D or WR 7 to Strobe T 
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DO - D7 in 


ADO - AD7 out 


ADO - AD7 in 


DO - D7 out 





FIGURE 6: External Register Timing 


~~~ Tf» —~| Tdr ~— 


NOTE: The strobe signals are the alternate mode signals of the GPIO pins 





FIGURE 7: Address Decode 6E and 6F Timing 
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APPLICATIONS INFORMATION 


SEQUENCER PROGRAMMING EXAMPLES 


This section describes how specific controller functions are implemented with the SSI 32C 452A. Sequencer pro- 
gramming examples for the specific case of an ST-506 Winchester disk drive are given. For convenience, all the 
code samples start at sequencer address OOH. In an actual implementation, the sequencer intructions would be 


distributed throughout the sequencer RAM, with commonportions reused, so that the code for all operations would 


be resident simultaneously. All example values are hex quantities. 


SECTOR ID 


There are two types of Sector ID operation. In the first, the Sector ID field is read and saved by the controller for 


examination by the microprocessor. The 8 byte internal stack is used for this type of operation and read data is. 


ee ea Neo? Ne wp! 


pushed to the stack under the control of the sequencer. In the second, the sector 1D field is compared to a desired 
value in preparation for some other operation, such as sector read or sector write. In this case, the ID field para- 
meters are compared to the data field of the controller instructions. A sequencer branch instruction is used to test 
for a positive field ID comparison and no ECC error before the rest of the operation proceeds. The microprocessor 
must program the SEQBR register with the address of the code for the following operation. 


The controller establishes byte synchronism by searching for an address mark after RG is asserted. The data 
pattern ofthe address mark is specified in the AMDCON register and the number of bits actually used inthe pattern 
is selected by the bits SYN2/1/0. 

ADDR INSTRUCTION (SEQADRF SEQCONF SEQTYPF SEQDATF) 


; ST-506 Sector Identification example. Assumes AMDCON=A1H, SYN2/1/ 


0=7 
00 60 00 00 00 - Loop here until Index Pulse (SEQBR=01H) 
01 02 40 00 00 : Tumon RG 
02 03 02 80 At ; Look for address mark ( A1H in ST-506 format)COMPEN=1DTYP2=1 


(Address Mark - Data Separator will detect deliberate coding violations and 
assert WAM/AMD pin). 





03 04 02 00 FE Look for 2nd byte of address mark (FEH - - written as normal data - no coding 
violations) COMPEN=1 : = 4 
05 06 12 00 NCYL ; Compare cylindernumber (NCYL) and save too. COMPEN=1, STACKEN=1 
06 07 12 00 NHEAD ; Compare head number (NHEAD) and save too. COMPEN=1, STACKEN=1 
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APPLICATIONS INFORMATION (cont.) 
SECTOR ID (cont.) 
ADDR’ INSTRUCTION (SEQADRF SEQCONF SEQTYPF SEQDATF) 
07 08 12 00 NSECT ; Compare sectornumber(NSECT) and save too. COMPEN=1, STACKEN=1 
08 89 10 41 00 ; Check ID field ECC and save ECC bytes.Branch to read or write operation 
if positive comparison on field ID and if ECC was good (SECTBR indicates 
condition for desired sector operation). DTYP1=1 (ECC byte), 
STACKEN=1, COUNT=1 
0A ; Here if sector ID did not match target. Actual ID field and ECC bytes are 
available on the stack for microprocessor check. 
SECTOR READ 
Once the sector ID field has been verified, the data field may be read. Detection of the address mark for the data 
portion of the sector proceeds as for ID field address mark, and causes the serializer/deserializer to be correctly 


synchronized with the incoming data bytes. At the end of a sector read, the microprocessor may check the ECC 
result to determine if a reread or error correction computation is required. 





ADDR INSTRUCTION (SEQADRF SEQCONF SEQTYPF SEQDATF) 


; ST-506 Sector Read example assumes that sector ID field verification has 
been performed. 





00 01 40 00 00 ; TurnonRG 

01 02 02 AO At ; Look for data field Address Mark (A1H)COMPEN=1DTYP2=1 (AM byte), 
DTYP0O=1, enable CLKB when synchronization occurs. 

02 E3 02 00 F8 ; Check second byte of AM. Must be F8H for ST-506 data field. Branch if AM 
bytes bad. COMPEN=1 

03 04 01 FF 00 ; Transfer 256 data bytesDATEN=1COUNT=FFH 

04 A5 00 41 00 ; Read ECC bytes, branch on errorDTYP1=1 (ECC)COUNT=1 

05 ; Here if read was error free. 
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APPLICATIONS INFORMATION (cont.) 


~ SECTOR WRITE 


Sector writes proceed ina similar fashion to reads. Once the sector ID field has been verified, the sequencer writes 
a short gap (the ‘write splice’) and then the sector data, followed by ECC bytes and another gap. 


> ST-506 Sector Write exampleAssumes that sector ID field verification has 


Turn on WG and write 13 bytes of OOHCOUNT=0CHSETWG=1 
Write first data AM byte (A1H)DTYP2=1 (AM), DTYPO=1 (Start CLKB*) 


Write second data AM byte (F8H)DTYP2=0 since this ome is written as nor- 


Write 256 data bytesDATEN=1 (transter enabled, data comes from buffer 


ADDR INSTRUCTION (SEQADRF SEQCONF SEQTYPF SEQDATF) 
been performed. 
00 01 00 02 00 ; Skip 3 bytes | 
01 02 80 0C 00 ag 
02 03 00 AO At 
03 04 00 00 F8 
: : mal data (no coding violations). 
0405 01 FF 00 . 
memory)COUNT=FFH 
05 - 06 00 41 00 ; Write 2 ECC bytesCOUNT=1DTYP1=1 (ECC) 
06 O07 00 02 00 + 3 Write three bytes of OHCOUNT=2 
07 08 20 00 00 ; Tum WG off RESWG=1 


08 : 
OPERATIONAL INFORMATION 


Sector formatting is similar to sector writing, except 
that the sector ID field is written in addition to the data 
field. The data field is also written with a fixed value 
instead of data transferred from buffer memory. Ex- 
amples of sequencer code to write specific data are 
given under sector write. When an entire track is to be 
written, the microprocessor may update ID field infor- 
mation in the sequencer RAM to reflect the next sector 
while the sequencer is writing the current data field. 
This allows an entire track to be formatted in one 
continuous write operation. Formatting begins afterthe 
sequencer detects an index pulse. 


Here when sector write is finished 


A data search operation can be implemented by a 


~ simple modification to the sequencer programming for 


sector read operations. When the COMPEN bit of the 
sequencer control field is enabled, incoming data will 
be compared to buffer data instead of being stored. 


_ This allows the sector to be searched for specific data. 


6-80 


(The SEARCHOP bit in the OPCON register must also 
be set for searches). 


Data verification can be performed during a sector 
read if the TRANSINH bit (data transfer inhibit) of 
OPCON is enabled, because no data will be written to 
the buffer. However, ECC checking will continue so that 
at the end of the sector, the ECC result can be verified. 
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The controller can support extended sector sizes of 
greater than 256 bytes. One simple way to achieve 
larger sector sizes is to use several sequencer data 
transfer instructions in a row. The size of the data block 
that results will be the sum of the counts for each 
transfer instruction. Large sectors may also be imple- 
mented with a single sequencer instruction by using the 
CARRYINH bit in OPCON. Sequencer instructions 
terminate when the carry caused by an underflow of the 
byte counter is detected. When CARRYINH is set, this 
carry will not be recognized, so the counter (which is 
initially loaded with the value specified in each 
instruction’s count field) will wrap around to a full count 
(FFH). The CARRYINH bit is cleared by an underflow, 
so that if it is not set again by the microprocessor, the 
sequencer instruction will terminate after an additional 
256 bytes. This permits the sector length to be ex- 
tended in multiples of 256 bytes. 


Multi-sector reads and writes are accomplished ina 
similar manner to full track formatting. The sequencer 
is programmed as for a single sector operation. How- 
ever, when the microprocessor detects that the DATA- 
TRANS bit in the SEQSTAT register is set (implying 
that a data transfer is in progress), it alters the ID field 
information in the sequencer’s instruction RAM. When 
the data transfer for a particular sector is completed, 
the sequencer is looped back to the same sector !D rou- 
tine. It will then start a new sector operation using the 
ID information just loaded by the microprocessor. This 
type of operation may proceed for an entire track. 


ECC IMPLEMENTATION 


The ECC hardware may be used for error correction as 
well as checksum generation. An algorithm for locating 
and correcting read errors is described below. The 
algorithm assumes the use of a 32 bit ECC polynomial 
capable of correcting a single burst of up to 8 bit errors. 
Longer bursts or multiple bursts may be incorrectable. 


1. If an ECC error is detected (ECCERR is set in 
SEQSTAT) and error correction is needed (ie. 
multiple reads fromthe same sector have failed) the 
error syndrome must be read from the ECC shift 


6-81 


SSI 32C452A 
Storage Controller 





register and reloaded in bit-reversed order, as fol- 

lows: 

1.1 Set FEEDINH in ECCCON. 

1.2 Read and save top 8 bits of shift register from 
ECC56. 


1.3. Set ECCSHIFT in ECCCON 8 times. 


1.4 Repeat 1.2 and 1.3 until all 4 bytes of the 
syndrome are RAM. 4 

1.5 Copy each syndrome bit, starting with the least 

significant, to ECCIN and set ECCSHIFT after 

eachcopy. After 32 such operations the ECC 

shift register will contain the bit reversed poly- | 
nomial. 


. The reverse ECC generator polynomial must be 


written to the ECC generator. 


~ 2.1 -Configure the bit-reversed polynomial in the 4 


feedback registers, POLY32, POLY40, 
POLY 48 and POLY56. This step is not equiva- 
lent to bit reversing the feedback register 
contents, since the coefficients for x° and x* 
are fixedin hardware. The reverse polynomial 
is generated by subtracting the exponents 
from 32. The following is a numerical example 
to illustrate the programming of forward and 
reverse polynomials for the 32 bit computer- 
generated code: 


- forward: @ 
KEK AEX Ep Spy 154.4224 264 x 304 32: 


reverse: 
X 324.284 264 194 y 174 104 64249: 


Forward Reverse 
POLY32 28H 22H 
POLY40 50H 02H 
POLY 48 20H 05H 
POLY56 22H OAH 


Reset FEEDINH and ECCIN in the ECCCON 
register. 


2.2 
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ECC IMPLEMENTATION (cont.) 


3. The ECC shift register is operated until either the 
number of shifts exceeds the number of bits in the 
read block or the 24 least significant bits of the ECC 
register are zero. 

3.1 Compute block length in bits, including ECC 
and overhead bits. 


3.2 Initialize a shift counter to zero. 


3.3 Set ECCSHIFT to shift the ECC registers by 
one, and increment the shift counter. 


3.4 If the shift counter exceeds the block length, 
stop the computation as this means the errors 
are uncorrectable. Otherwise, if register 


ECC48 is non-zero, repeat step 3.3. 


. At this point, ECC56 contains the bit-reversed error 
pattern and the shift counter indicates its displace- 
ment from the end of the block. The pattern must be 
mirrored and aligned to byte boundaries so that the 
errors in the buffer storage may be corrected. 


4.1 Subtract 7 from the shift counter, to compen- 
, sate for a hardware offset internal to the SS! 
32C452A. 

4.2 Subtract 32 fromthe shift counter. (This is the 
number of the ECC bits). If the result is less 
than zero then no further action is required, 
since the errors occurred in the ECC portion of 
the block. 

4.3 Readthe contents of ECC56 into RAM and bit- 
reverse this 8 bit quantity. 


Form a 16 bit word with the reversed error 
pattern as its lower byte and zero as its upper 
byte. : 


4.4 


If the lowest three bits of the shift counter are 
non-zero, left shift the 16 bit word and decre- 
ment the shift counter. 


4.5 


4.6 Repeat 4.5 until the shift counter’s three least 
significant bits are zero. — a 


Divide the shift counter by 8, to convert bits into 
bytes. 


4.7 


. The position and nature of the errors are now 


known, so they may be corrected as follows: 


5.1 Exclusive OR the lower byte of the error word 
with the data byte whose offset from the end of 
the data block is given by the value of the shift 
counter. 


Exclusive OR the upper byte of the error word 
with the data byte whose offset from the end of 
the data block is one more than the value of the 
shift counter. . 


3.2 


The above procedure will correct a single burst of 
errors, provided that the degree of the error is within the 
capability of the chosencode. The code whose polyno- 
mial is illustrated above is capable of correcting a 
single burst of up to 8 error bits. 


Since the error correction process is time consuming 
and ties up the ECC hardware, blocks with errors 
should be re-read to ensure that the errors observed 
are in fact hard errors. | 
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FIGURE 8: Partial Schematic for SCSI Implementation with Arbitration Support using SSI 32B451 


0589 6-83 


SSI 32C452A 
Storage Controller 





PACKAGE PIN DESIGNATIONS 


(TOP VIEW) 
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ORDERING INFORMATION | 


PART DESCRIPTION | ORDER NO. PKG. MARK 


SSI 32C452A Storage Controller 40 Pin DIP © SSI 32C452A-CP 32C452A-CP 


~44PinPLCC |. SSI32C452A-CH | 32C452A-CH 
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in specifications at any time without notice. 
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DESCRIPTION 


The SSI 32C453. Dual Port Buffer Controlleris aCMOS 
device that allows low speed RAM to be configured as 
a dual port circular FIFO buffer. It generates all the 
buffer memory addressing required and manages two 
ports: Port A, a synchronous peripheral device inter- 
face and Port B, an asynchronous host interface. The 
SSI 32C453 has arbitration logic to support the SCSI 
protocol, host DMA transfers and uninterruptible pe- 


ripheral block transfers. 


On-chip counters generate the addresses needed to 
access the external RAM. In extended addressing 
mode, 16 bits of address are multiplexed onto 8 lines 
and the necessary strobes are provided. Direct ad- 
dressing mode may be used for 10 bit addresses (DIP 
package) or 14 bit addresses (PLCC package) without 


multiplexing. 


The SSI 32C453 is intended for use in intelligent con- 
trollers and includesa setof configuration/status regis- 
ters which are accessed through the microprocessor — 
interface. It is optimized for 8 bit, multiplexed address/ 
(Continued) 
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FEATURES 


¢ Dual port circular FIFO buffer controller 
¢ SCSI bus arbitration control 
¢ DMA handshake control 


¢ Multiplexed mode buffer addressing up to 
64 Kbytes 


© Direct mode buffer addressing up to 1 Kbyte 


(DIP) or 16 Kbytes (PLCC) 

¢ Highspeed CMOS device has 16 MHz micropro- 
cessor interface 

* Compatible with SSI 32C452 Storage Controller 

* Plug and software compatible with AIC-300 
buffer controller 

°¢ Single 5V supply 

° Available in 44-pin PLCC or 40-pin DIP package 





PIN DIAGRAM 





CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRIPTION (Continued) 


data bus processors such as the 8085 or 8051, and will 
also interface easily to most 8 bit microprocessors. The 
registers allow the designer to select buffer RAM sizes, 
manipulate the internal address pointers and sense 
impending overruns of the buffer. — 


The SSI 32C453 provides a cost-effective buffer mem- 
ory and SCSI port control solution, and when used in 
conjunction with an 8 bit microprocessor and a periph- 
eral controller device, such as the SSI 32C 452; it forms 
the basis for an intelligent, high performance Winches- 
ter disk drive control system. 


FUNCTIONAL DESCRIPTION 


The major functional elements and data paths of the 
SSI 32C453 are shown in the block diagram. Data 
transfers are requested through two ports, Port A and 
Port B. The direction of and number of bytes to be 
transferred are determined by the setting of the status 
and control register. All buffer memory transfers are 
synchronous with the CLK signal. 


The Port A interface communicates with the periph- 
eral device controller. The AREQ signal is monitored 
by the SSI 320453 and when asserted begins the Port 
A data transfer. The SSI 32C453 then generates the 
necessary address and control signal to coordinate 
data transfer between buffer and peripheral device. 





The Port B interface communicates with the host bus. 
It supports a two wire request/acknowledge protocol 
for transferring data asynchronously, and generates 
the necessary strobes, LO and BOE, forcontrolling and 
external latch and three-state drivers for host bus 
access. gol 


Since peripheral data transfers occur synchronously 
and in blocks, Port A requests are alway honored over 
Port B requests. If the speed of the data transfer from 
the peripheral device allows, the SSI 32C453 has the 
Capability to alternate Port A and Port B data transfers 
so that time is not lost waiting on the peripheral device. 


The buffer interface generates buffer memory read 
and write cycles during data transfers and presents 
either the Port A or Port B address to the memory. Its 
memory address lines can be operated in one of two 
user selectable modes, supporting buffer sizes from 


206 bytes to 64 Kbytes. In direct addressing mode, the. 


buffer address is available on either 10 lines (AO-A9) or 


14 lines (A0-A13), depending on the chosen buffer 
size. If larger buffer sizes are required, extended ad- 
dressing mode supports up to 16 address lines multi- 
plexed onto pins A0-A7. Two external 8 bit three-state 
latches must be provided to hold the upper 8 bits of the 
Port A and Port B addresses. The buffer interface 
provides the signals SDP and. SHP for clocking the 
latches, and DOE and HOE for enabling the latch 


- outputs at the appropriate times. 


The address generator contains two 16 bit pointers, 
the read address pointer (RAP) and the write address 
pointer (WAP), which indicate where in the external 
buffer RAM data is to be read or written. During data 
transfers, these pointers are automatically incre- 
mented as the RAM is accessed. The pointers wrap 
around to 0 when the programmed buffer size is 
exceeded. To prevent host overruns of the buffer 
(caused by one of the pointers overtaking the other), 
the address generator includes a 16 bit stop pointer 
(SP). The microprocessor loads SP with the last ad- 
dress in buffer memory to be accessed during a host 
DMA transfer. Whenthe port B address (RAP during an 
upload to the host or WAP during a download to the 
peripheral) reaches the value in SP, the DMA transfer 
is automatically suspended. 


The SSI 32C453 includes the necessary logic to re- 
quest a SCSI arbitration phase. When the micropro- 
cessor enables the SCSI logic, it will wait for a ‘bus free’ 


~ condition and then request arbitration. The micropro- 


cessor must generate the device address and deter- 
mine whether the arbitration was favorable or not. Two 
output pins El and ET, are provided to allow the SSI 
32C453 to be identified as either a target or an initiator. 


The microprocessor interface decodes micropro- 


cessor read and write requests and provides access to 


the appropriate status or control register. location. 


Since both data and address information are carriedon 
the bus lines ADO-AD7, the microprocessor signal ALE 
(address latch enable) is used to indicate the presence 
of a valid address on the bus. 


The status and control registers contain operational 
status for, and control information from, the micropro- 
cessor. They include data transfer and port status and 
information such as transfer complete or current ad- 
dress. The control registers configure the SSI 320453 
with parameters such as buffer size, read and write 
pointers and stop pointer. 
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PIN DESCRIPTION 


GENERAL 


POWER SUPPLY +5 volts 





GROUND 


RESET - Active low signal sets reset bit in RESCON and resets all 
other registers. 














MASTER CLOCK - Allbuffer memory transfers occur on a falling edge 
of CLK. There should be at least two CLK cycles per byte transferred 
to allow the host and peripheral to remain in step. 


CHIP SELECT- Active high signal enables device to respond to 
microprocessor read or write. 

ADDRESS LATCH ENABLE - Falling edge latches register address 
from ADO-AD7 pins. 











addressed register to be placed on the address/databus if CS is also 
active. 

WRITE STROBE - Active low signal causes the data on the address/ 
data bus to be written to the addressed register if CS is also active. 

















20-21 ADDRESS/DATABUS - 8 bit bus which carries register address in- 
21-26 | 23-28 formation and bi-directional data. 


BUFFER ADDRESS BITS - In direct addressing mode, these are 
buffer address bits 0 to 7. In extended addressing mode, these lines 
are multiplexed between low and high order address bytes. 








A8/SHP A8/PORT B (HOST) ADDRESS STROBE - In direct addressing 
: mode, this pin is buffer address bit 8. In extended addressing mode, 
this pin is an address strobe whose rising edge is used to clock the 
contents of pins A0-7 into an external latch, for the upper address byte 
for Port B transfers. 
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PIN DESCRIPTION (Continued) 


BUFFER MEMORY INTERFACE (Continued) 


|Name =| DIP. PLCC | TYPE | DESCRIPTION 


A9/SDP 11 12 O A9/PORT A (DEVICE) ADDRESS STROBE - In direct addressing 
: mode, this pin is buffer address bit 9. In extended addressing 
mode,this pin is an address strobe whose rising edge is used to clock 
the contents of pins A0-7 into an external latch, containing the upper 
address byte for PortA transters. 





Buffer address bits - They are valid in both addressing modes. (PLCC 
version only) 








A12/PORT B (HOST) ADDRESS ENABLE - In direct addressing 
_ mode this pin is buffer address bit 12. In extended addressing mode 
this pin is an active low signal used to enable an external three-state 
latch which holds the upper address byte for Port B Uansisls. (PLCC 
version n only) 


A13/DOE 31 O A13/PORT A (DEVICE) | ADDRESS ENABLE - In direct addressing | 


mode this pin is buffer address bit 13. In extended addressing mode 
this pin is an active low signal used to enable an external three-state 
latch which holds the upper address byte for Port A transfers. (PLCC 
version only) 

O MEMORY SELECT - This active low output is used to enable the 
buller RAM lor read 0 or eS WEles access. 
WRITE ENABLE - This active low output enables a write to the buffer 
RAM, in conjunction with MS. If MS is active while WE is inactive, the 
buffer access will be a read operation. 














PORT A REQUEST - This active low input is sampled on each falling 
edge of CLK. If it is low, a Port A transfer will occur on the next falling 
edge of CLK. 





PORT B INTERFACE 


~’ PORT BINPUT ENABLE - Active low signal used to enable output of 
an external three-state driver which presents host bus data to the 


buffer RAM. This line is asserted either under microprocessor contro! 
or as a result of a Port B DMA transfer request (BREQ). Microproces- 
sor control of this line permits direct host to microprocessor transfers. 
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PIN DESCRIPTION (Continued) 


PORT B INTERFACE (Continued) 


cara peal eee | PeacrTION 


PORT B OUTPUT ENABLE - Active low signal used to enable output 
of an external three-state driver which holds buffer RAM output and. 
presents it to the host data bus. This line is asserted either under 
microprocessor controlor as a result of a Port B DMA transfer request 
(BREQ). Microprocessor control of this line permits direct micropro- 
cessor to host transfers. 
PORT B OUTPUT LATCH - Active high signal controls an external 
latch winch holds butter HAM output during Port B read operations. 
PORT B ACKNOWLEDGE - Active high input signal from the host 
indicates that a Port B transfer request has beenaccepted and thatthe 
nes pie: is 5 available. 













































PORT B REQUEST - Active ee output that requests the host to 
accept a Port B data transfer. 










BUSY OUT - Active high output that is set either by the microproces- 
sor or the arbitration logic and indicates that the SSI 32C453 is 
i equestng control of the Seer? bus. 













BUSY IN - Active high input which indicates that another device has 
control of vie pus: 

SELECT OUT - Active caigne output under microprocessor control | 
which is asserted when bus access is granted to the peripheral 
controller: 


SELECT IN - Active ani input which indicates that another device has 
been granted access $ to the bus. 


ENABLE TARGET MODE - Active low output which allows the 
microprocessor to identify the peripheral controller as a SCSI Target 
device. 
































































ENABLE INITIATOR MODE - Active low output which allows the 
microprocessor to identify the peripheral controller as a SCSI Initiator 
device. 
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REGISTER DESCRIPTION 


The microprocessor which controls the system has 
access to all the SS! 32C453 registers through its ex- 
ternal memory address space. The SSI 32C453 andits 
companion device, the SSI 32C452 storage controller, 
are designed to occupy a:single 256 byte page. The 8 


bit page address is latched into the SSI 32C453 from: 


pins ADO-AD7 on a falling edge of ALE and. remain 
‘‘alid until the next ALE falling edge. | | 





The external registers are described at the end of this 
section. They are not implemented in either the 


SSI32C453 or SSI 32C452, and. are assumed to be 


implemented in external hardware. They are included 
as an applications suggestion for a ‘standard’ periph- 
eral controller design. 


SSI 32C453 REGISTER BIT MAP 


REGISTER 


























ADDRESS 7 D6 Ds pa D3 tél D1 D0 «ACCESS ~ 
en 
RAPL 5AH | READ ADDRESS POINTER (0-7) RW 
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INTERNAL REGISTER DESCRIPTION 
IFCON 52H READ/WRITE 


INTERFACE CONTROL WORD - Controls and monitors host bus interface and SCSI bus arbitration. 














DESCRIPTION 





ARBITRATION - This bit controls the SCSI bus arbitration and returns its status. When | 
itis set, the SSI 32C453 will look fora ‘bus free’ condition (both SELIN and BSYIN false) 
and then assert BSYOUT and BOE, so that the device address may be sent to the host. 
When ARB is reset, the arbitration activity ceases. When the ARB bit is read it indicates 
that a SCSI arbitration phase has been recognized if it is set, or not if it is reset. 








unused 


BUS INPUT ENABLE - While this bit is set, the BIE output pin will be asserted if the 
microprocessor reads locations 50H or 51H (see external registers), enabling an 
external driver to pass host data to the buffer memory. (Note that the BIE pin may also 
be asserted automatically during DMA operations). 








BUS OUTPUT ENABLE - While this bit is set, the BOE output pin will be asserted if the 
microprocessor writes locations 50H or 51H (see external registers), enabling an 
external three-state latch to drive buffer data onto the host data bus. (Note that the BOE 
pin may also be asserted automatically during DMA operations). | 








SELIN SELECT IN - This bit reflects the status of the SELIN pin and is read only. 

















BSYIN BUSY IN - This bit reflects the status of the BSYIN pin and is read only. 








SELOUT | SELECT OUT - This bit directly controls the SELOUT pin. 








BSYOUT BUSY OUT - This bit directly controls the BSYOUT pin. 








Reset State: IFCON= 00H 
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INTERNAL REGISTER DESCRIPTION (Continued) 


DMACON 53H READ/WRITE 


DMA CONTROL WORD - Used to initiate and control DMA transfers , 











BIT NAME DESCRIPTION 
0 a - eonuses | 
1 BACK ‘| PORT B ACKNOWLEDGE - This read only bit eetlecis the status of the BACK pin, 
- | which is set when the host aeMmowicddes a Port B DMA transfer request from the 
SS! 820453. 
2 WRLATCH | WRITE LATCH - When this bit is set, a host bus to buffer RAM DMA transfer will be 
initiated. The transfer continues until the address pointer in WAPL/WAPH is equal to 








the stop value in SPL/SPH. The ROP/WOP bit in this register must be cleared. Until 
) WREATCH is reset, Hansiels will resume each time the stop pointer is changed. : 


READ LATCH -.When this bit is set, a buffer RAM to host bus DMA transfer will be 
initiated. The transfer continues until the address pointer in RAPL/RAPH is equal to the 
stop value in SPL/SPH. The ROP/WOP bit in this register must be set. Until RDLATCH 
is reset, transfers will resume ea lime the ‘stop eer is changed. 


RDLATCH 



















READ/WRITE OPERATION SELECT - This bit dateiuines the direction of DMA to 
buffer transfer. 








ROP/WOP 





DMADONE|] DMA DONE- This read only bit is set when a DMA transfer is Seowpieied (read or write 
address pointer reaches stop pointer value) and both BREQ and BACK are inactive. 
It is cleared when the Stop aaae is updated. 


ENABLE INITIATOR MODE - The value written to this biti is inverted and presented on 














6 
| the EI output pin. 
7 TARGET ENABLE TARGET MODE - The value written to this bit is inverted and d presented on 






the ET ouput pin. 





Reset State: DMACON- OOH 





BUFSIZE 54 READ/WRITE 


BUFFER SIZE CONTROL - Used to select buffer size ranging from 256 bytes to 64K bytes. This register 
contains an 8 bit unsigned value which sets the buffer size as follows: 
Buffer Size = 256.(BUFSIZE+1) bytes 


In conjunction with the AMODCON register, this allows buffer sizes from 256 bytes to 64K bytes to be selected 
in 256 byte Increments. 


Reset State: BUFSIZE=00H 
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INTERNAL REGISTER DESCRIPTION (Continued) 


AMODCON 55H WRITE ONLY 





ADDRESS MODE CONTROL - Used indirect addressing mode (non-multiplexed address lines) to select the 
number of active address lines (10 or 14). 


















BIT NAME | DESCRIPTION 











0 AMOD ADDRESSING MODE - Indirect addressing mode, this bit determines the number of 
address lines supported. If AMOD=1, then 14 lines are supported (A0-A13), and if 
cleared then 10 lines are supported (A0-A9) . 


cane pn nee, the: sositth yok Wiles sect mee rece eacearaeeee 
















1-7 - reserved 















The AMOD bit and the value chosen for buffer size (BUFSIZE) together determine the addressing mode used, 
as follows: 









Maximum 
AMOD BUFSIZE Addressing Mode Buffer Size 
0 0-3 Direct 1 Kb 
. (10 lines) 

0 4-255 Extended 64 Kb 

(16 lines multiplexed) 
1 0-63 Direct 16 Kb 

(14 lines - PLCC version only) 






1 64-255 Extended 64 Kb 
. (16 lines multiplexed) | 


Reset State: AMODCON=00H 



















RESCON 59H WRITE ONLY 


RESET CONTROL - Used to return all device registers to a known condition. 








DESCRIPTION 











RESET CONTROL - When this bit is set, all the registers are forced to their reset state. 
It must be cleared by the microprocessor. It is set either by the microprocessor or by 
hardware, when RST is asserted. When not set, a write to it will reset WAP, RAP and 
SP. 








unused 


Reset State: RESCON=01H 
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INTERNAL REGISTER DESCRIPTION (Continued) 


RAPL 5AH READ/WRITE 


READ ADDRESS POINTER (LOW BYTE) - Lower 8 bits of address where next data byte will be read 
from buffer memory during DMA operations. When ROP/WOP is set, peripheral data will be read from the 


buffer RAM at this address and transferred to the host data bus, following a Port B DMA request (BREQ). 
_ When ROP/WOP is reset, host data will be read from the buffer RAM at this address and transferred to 
the peripheral, following Port A transfer requests (AREQ). 





RAPH 5BH READ/WRITE 







READ ADDRESS POINTER (HIGH BYTE) - Upper 8 bits of address where next data byte will be read — 
from buffer memory. | 






WAPL 5CH READ/WRITE 


WRITE ADDRESS POINTER (LOW BYTE) - Lower 8 bits of address where next data byte will be written 
to buffer memory. When ROP/WOP is set, peripheral data will be written to the buffer RAM at this ad- 
dress, following a Port A transfer request (AREQ). When ROP/WOPF is reset, host data will be written to 

_ the buffer RAM at this address, following a Port B DMA transfer request (BREQ). 
















WAPH 5DH- READ/WRITE 


WRITE ADDRESS POINTER (HIGH BYTE) - Upper 8 bits of address where next data byte will be written 
to buffer memory. : 





SPL 5EH READ/WRITE 






STOP ADDRESS POINTER (LOW BYTE) - During DMA the stop pointer is compared to RAP, for a 
peripheral to host transfer (ROP/WOP is set), or WAP, for a host to peripheral transfer (ROP/WOP is 

reset). Whenever the two pointers are equal, DMA is halted. DMA only resumes when the stop pointer is 
changed. SPL contains the lower byte of the 16 bit address. 










SPH 5FH READ/WRITE 


STOP ADDRESS POINTER (HIGH BYTE) - Upper 8 bits of the stop pointer. 
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EXTERNAL REGISTERS 


HOSTL 50H Read/Write 


Special decode - Microprocessor reads from this location will cause the BIE signal to be asserted if the BIE 
bit in INTCON is set. The BIE signal causes an external three-state driver to present host data to the buffer 


RAM. Microprocessor writes to this location will cause LO and BOE to be asserted in succession, if the BOE 
bit in INTCON is set. This allows buffer data to be latched and driven onto the host data bus. 





HOSTH 51H Read/Write 


Special decode - Same function as for external register HOSTL (50H). In systems with 16 bit hosts, external 
hardware may be used to distinguish between accesses to locations 50H and 51H, allowing separate access 
to the lower and upper bytes of the host bus. 





BUFACC 70H Read/Write 


BUFFER ACCESS - Microprocessor accesses to this location cause MS to be asserted. If the access is a write 


operation, WE will be asserted as well. This is intended to allow the microprocessor access to the currently 
addressed buffer RAM location, without altering the pointer value. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER , RATING UNIT | 


Ambient Temperature Under Bias 0 to 70 








Storage Temperature 








Voltage on any Pin with respect to Ground 





Power Dissipation _ 








Maximum Current Injection 





Note: Sies above those listed under Absolute Maximum Ratings may cause permanent asinaae to the 
device. This is a siress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 


rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


VCC, Supply Voltage _ 








TA, Operating Free e Air Temperature 





Input Low Voltage 


Input High Voltage 











D.C. CHARACTERISTICS (TA = 0°C to 70° C, VCC = recommended range unless otherwise specified.) 


Input | Low v Voltage 








Input High ' Voltage | 





_____ Output Low Voltage 10L = = 2 mA 


Output High Voltage OH = = 400 A 








Supply Current 








Input Leakage “OV<VIN<VCC | 
Output Leakage _ ated 0.45VeVOUTEVCC 











Input Capacitance 








Output Capacitance 
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A. C. TIMING CHARACTERISTICS 


TA = 0°C to 70°C, VCC = recommended range unless otherwise specified. 
Load condition for all pins - 30 pF. Timing measurements are valid at 50% of rising or falling edge. 
NOTE: J indicates falling edge. T indicates rising edge. 


PERIPHERAL DEVICE TO BUFFER INTERFACE TIMING (see Figure 1) 


CLK half cycle 
AREQ J to CLK 3 | setup time 
CLK J to AREQ 1 hold time _ 


CLK J to Address stable 
and HOE / DOE J 












































CLK T toMS J 
CLK Jto MS 7 
CLK T to WE J 




















CLK J to WE T 


CLK J to Address stable and 
HOE /DOET hold time 


WE 7 to Address stable and 
HOE / DOE t hold time 


CLK T to SHP/ SDP ‘1 
CLK J to SHP/ SDP JL 


Address, HOE / DOE 
stable to SHP/SDP T 
































NOTE: Inthe multiplexed addressing mode, the higher order byte of the address and the control signals are 
provided for the external latch(es) when RAPH and WAPH are initialized by the microprocessor. When 
transferring data, the counter will overflow to indicate a need to update the external latch(es). The SSI 32C453 
will then provide the correct address and control signals to update the external latches. When this occurs a 
Port B cycle is stolen to update the latch. The Port A and Port B cycles then occur normally. 


0589 6-97 


~§$S132C453 
Dual Port 
Buffer Controller 





T/2 T/2 
ee | ; 
Bs 
—<———_____—_- 
AREQ 
AO-A13 


—_—________________ 
HOE/DOE 


Wy 


il Wh 
<j —_________— 
Mh 
—_——_—___—_—_—_p- 
Ms . 


Av 
. $$$» 
AO0-A7 
SEE NOTE 
<P ~a— Sh 
SHP/SDP 
NOTE: FOR MULTIPLEXING UPPER BYTE OF ADDRESS. 


FIGURE 1: Peripheral Device to Buffer Interface Timing 
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BUFFER TO HOST INTERFACE TIMING (see Figure 2) 


PARAMETERS CONDITIONS Twain [wom | Max 
Av —— eT En eS sae § Pbeteaia edges seis ule 


CLK J to AO-A13 stable 
Dia LO J to A0-A13 hold 
Mv CLK T to MS J 
Dim LOJto MST 
Lv CLK T to LO a 
Lh CLK Lto LOL 
Bv IKI toBOEL 
Ba CLK T to BREQ T 
Br BOELtBREQT 
Ac BACK T to CLK T set up 
Ar BACK T to BREQ JL 


Acc BACK! toCLKJ 



















UNIT 
ns 






























































est 4 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 









RDLATCH 
(DMACON REGISTER) 












LK 





FIGURE 2: Buffer to Host Interface Timing 
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HOST TO BUFFER INTERFACE TIMING (see Figure 3) 


yo 7 
PARAMETERS 7 CONDITIONS | MIN 
Bi , 





























‘Bi CLK Tto BIEL | 
Dwg WE T to BREQ J fot 
Bs BACK T to CLK T — oo 40 
AV CLK L to AO-A13 stable | | a a 

Dwa WETIo A0-A13holdtime | i 














Mv__GLKT to MS J ns 


CLK J to MS T 









































CLK J to WE T | 36 ns 
BACKJ to BREQ T : 60 | 
Dwi WET toBlET | 60 





WRLATCH 
(OMACON REGISTER 





FIGURE 3: Host to Buffer Interface 
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MICROPROCESSOR INTERFACE TIMING (see Figure 4) 











WR width 

RD width 

ADO-AD7 set-up time 
‘NDO-AD7 hold time 

















CS set-up time 
CS hold time 














Write data set-up time 

Write data hold time 

RD J to ADO-AD7 active 
RD J to ADO- AD? valid 


ADO-AD7 hold from RD t 

















ADO-AD7 Vane ee q—Aah— «— wds—> q—Wch —> 


Cs —> Ch |\q—> 


READ: 


ADO-AD7 





FIGURE 4: Microprocessor Interface 
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REGISTER 70 TIMING (see Figure 5) 


PARAMETERS CONDITIONS 
WR J or RD J to MS J 
WR T or RD T to MS T 











WR J to WE J 
WR T to WE 7 











FIGURE 5: Register 70 Timing 
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SCSI ARBITRATION 


The internal SSI 32C453 SCSI arbitration logic is 
shown in Figure 6. When the ARB bit in register IFCON 
is set, the SSI 32C453 is enabled to recognize SCSI 
“bus free” condition. When both the BSYIN and SELIN 
signals have been inactive for three CLK cycles this 
condition is held in a set/reset latch. After a further four 
CLK cycles, with BSYIN and SELIN remaining inactive 
ARB willbe read as true. This indicates thata SCSI bus 


BSYOUT BIT OF 
IFCON REGISTER 





ARB 
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arbitration phase is underway. The ARB bit will be 
cleared if SELIN is active and the microprocessor 
asserts SELOUT, by setting the SELOUT bit in the 
IFCON register indicating that the arbitration was 
successful and the selection phase has begun. Fig- 
ure 7 shows an overview of the SSI 32C453 SCSI 
interface timing for system considerations. Anexample 
of interfacing these signals to the SCSI bus is shown in 
Figure 12. 


BSYOUT PIN 


BUSFREE DELAY 


-6} Ba] ayo ayo a Dae 
Soe rt R R ARB 


iat Ge lle | (READ FROM IFCON BIT 0) 
e eemwreg sews iceahcimoninand ede 








(WRITE TO IFCON BIT 0) 


ARB 


BUS FREE 


free arbitration 


delay delay 
800ns 2200ns 


ARBITRATION 
SELECTION 
PHASE 





FIGURE 7: SS! 32C453 SCSI Arbitration Logic Timing 
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APPLICATIONS INFORMATION 
EXTERNAL HARDWARE 


As described previously, the SS! 32C453 provides a 
number of strobe outputs to control external interface 
hardware. Three different addressing configurations 
are illustrated in figures 8 to 11. Because of pin limita- 
tions, the DIP version of the SSI 32C453 does not 
provide either HOE or DOE. These signals may be 


recreated with an external D flip-flop as shown in 


Figure 11. In extended addressing mode, the external 
Port A and Port B address latches must be initialized 
with explicit writes to the RAPH and WAPH registers, 
since only internal registers are initialized upon reset. 
70 avoid interfering with data transfers, these registers 
should only be accessed when both ports are 
inactive. The ROP/WOP bit must be set correctly be- 
fore these registers are written to in extended address- 
‘ing mode, since this contro! bit can change which 
pointer is associated with which port. An example of 





interfacing the SSI 32C453 to the SCSI bus is shown | 


in Figure 12. 


A rule of thumb to use when selecting RAM for the 


buffer is: 
| 8 bits/oyte 


Buffer cycle time = 
3 *bitrate 


SINGLE BLOCK READ 


The following steps must be taken to effect the transfer 


of a single block of data from the peripheral to the host: 


1. Initialize SSI 32C453 using RESET bit, and select 
desired buffer size and addressing mode. | 

2. Select read operation by setting ROP/WOP. 

3. Clear RAPH, WAPH explicitly when in extended 

addressing mode. 

4. Instruct peripheral controller to commence periph- 
eral read. 

5. Waitforendof block. (Willbe detected by controller 
or by observing value of WAP, which increments 

automatically). | 

6. Load stop pointer (SP) with the value (WAP-1), 
since WAP points to the location after the last entry 

_ inthe FIFO buffer. 

7. Set the RDLATCH bit so that the DMA request/ 
acknowledge cycles commence. 





8. Wait for DMADONE to be set. (Occurs when — 


RAP=SP). 


SINGLE BLOCK WRITE 


The following steps must be taken to effect the transfer 


of a single block of data from the host to the peripheral: 


1. Initialize SS132C453 using RESET bit, and select 
desired buffer size and addressing mode. (This 
— will clear ROP/WOP.) 


2. Clear RAPH, WAPH explicitly when in extended 


addressing mode. 

3. Set SP to be equal to the length of the data block 
to be transferred. 

4. Set the WRLATCH bit so that the DMA request/ 
acknowledge cycles commence. 

5. Wait for DMADONE to be set. (Occurs when 
WAP= =SP), 

6. Instruct peripheral controller to commence Senbhe 
eral read. 

7. Waitfor end of block. (Willbe detected by controller 
or by observing value of RAP, which increments 
automatically). 


MUTLIPLE BLOCK READ 


The initial steps in a multiple block read are similar to 
those of a single block read. However, once the DMA 
transfer of the first block to the host is underway, the 
next peripheral block read can occur, provided that the 
buffer is sufficiently large to accomodate the next block 
of data. (The microprocessor can either check the 
value of RAP, or maintain its own count of the number 
of blocks currently stored in the buffer, in order to 
prevent buffer overruns caused by’ the peripheral.) 


~ When the next peripheral block transfer has been 


initiated, the microprocessor waits for DMADONE to 
be set. When the host is ready for anew DMA transfer, 
the value of SP may be changed and a new transfer 
started (provided there is sufficient data in the butterto 
prevent.an overrun). 


MULTIPLE BLOCK WRITE 


As inthe case of multiple block reads, the microproces- 
sor starts by causing a single block of host data to be 
transferred to the buffer memory. Thereafter, host and 
peripheral transfers may be initiated simultaneously, 
provided the microprocessor ensures that a buffer 
overrun does not occur. 
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PERIPHERAL DEVICE DATA 


DBO-DB7 


CLKA 


FROM PERIPHERAL DEVICE 





FIGURE 8: Direct Address Mode Example - 10 Address Lines 


g , PERIPHERAL DEVICE DATA 


SSI 320453 





16K 
RAM 
ARRAY 


FROM PERIPHERAL DEVICE 





FIGURE 9: Direct Addressing Mode Example - 14 Address Lines 
(SSI 32C453 PLCC Version Only) 
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8 PERIPHERAL DEVICE DATA 





PORT B LATCH 


DB0-DB7 





FROM PERIPHERAL DEVICE 


FIGURE 10: Extended Addressing Mode Example 


SSI 320453 SSI 320453 


BSYOUT 


sng isos 


FROM PERIPHERAL 
DEVICE 





FIGURE 11: Extended Mode Address Strobes FIGURE 12: SCSI Bus Interface Example 
for DIP Package 
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ul 
LS240 
ATN | >o 
MSGIN NRZ __f— putse 
VOIN RO | DETECTOR 
SSI 32P541 RW AMP 
SEL a ee ee paceeemra SSI 32R510 
BSY Sesenee RD/RFCLK | SEPARATOR 
SSI 32D5321 
DB0-DB7, DBP < + scsi CONTROLLER az 
= BSYIN SSI 320452 
Cc/D INTERFACE r aevour "| WS0/GPIOO 
a BSYOUT 
10 DEVICE WS1/GPIO1 
eee SS! 32B451 | SELIN 
MSG 
SELOUT 
et jenour 
a ACK |, Be | BUFFER 
E | BOE | CONTROLLER 
z 
os BACK 
” 
a BREO 
ET 
ADO-AD7, RD, WR, CS, ALE 
MICRO BUS 
PARVERR 
PAR/RST 
a MICROCONTROLLER 
LS240 
RST 0 


FIGURE 13: Partial Schematic for SCSI Implementation with Arbitration Support using SSI 32B451 
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PACKAGE PIN DESIGNATIONS 





(Top View) 
‘ 
2 
Ox 
3 Oo Wo LU 
= ” a Lu) 
4 eae 28O2884 SRE 
5 40 rae 
; 43 42 44 ae EI 
381] ET 
f 371] SELIN 
8 36 {] SELOUT 
9 351] BSYIN 
341] BSYOUT 
331] WE 
32 MS 
3111 A13/DOE 
30 [] A12/HOE 
291] Att 
26 27 28 
olmi nr o7Oaonrt MA cr CG 
Qa Qaaa 
REES3823¢ tice 


44-Lead PLCC 





40-Pin DIP 





ORDERING INFORMATION 


SSI 32C453 Dual Port Buffer Controller 








40 Pin DIP. i ee, SS132C453-CP. . | SS132C453-CP 


44-Pin PLCC SSI 32C453-CH SSI 32C453-CH 








No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION FEATURES 


The SSI 34D441 floppy disk data synchronizer/write * Ideal for operation with NEC uPD765A/uPD7265 
precompensator performs read-data synchronization 


and write data precompensationof MFM encodeddata ° Fast acquisition analog PLL for precise read 


for high performance floppy disk drive systems. The data synchronization 
SS134D441 isoptimizedforuse withthe NECUPD765A/_ © No adjustments or trims needed to external 
uPD7265 controller family. components 


The SSI 34D441 contains an analog phase-lock-loop > se regremmabic Gata tate Up tecNDis 


for read data synchronization, a crystal controlled e Internal crystal controlled oscillator 
reference oscillator, write precompensation circuitry, » Selectable write precompensation intervals 
and a delay function for the DRQ signal. It employs | 

silicon gate CMOS technology forlow powerconsump- ° Programmable write clock 


tion. The SS134D441 requiresa+5Vpowersupplyand e« DpRQ (Data DMA Request) delay function 
is available in 28-pin PDIP and 28-pin PLCC packages. | 
P aed of Low power CMOS, +5V operation 


¢ 28-pin PDIP and 28-pin PLCC 





BLOCK DIAGRAM 





RDTA 


i RATE 
R2 | SELECT ea 
SCLK 


16.000 MHZ 
O WRITE 
PRECOMPENSATION 
= XTAL 


~ PS1 
WDD : 





VNA VND 
CAUTION: Use handling procedures necessary 
0589 | 7:4 for a static sensitive component. 
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FUNCTIONAL DESCRIPTION 
CRYSTAL OSCILLATOR 


The crystal controlled oscillator uses a 16.000 MHz 
crystal cut for fundamental series mode resonance. Its 
frequency is divided down and used throughout the 
34D441. The device requires only one pin for the 
. Crystal input; the other crystal pin is connected to digital 
ground. An external source (TTL level) can also be 
used to drive the chip via this pin, if desired. 


RATE-SELECT 


The rate-select section generates the various write- 
Gaia frequencies {WCLK), and one of the two alterna- 
tive clock rates (CLK), as shown in Table 1. In addition, 
this section provides a time base for the read-data 
circuitry. The CLK and WCLK signals have their rising 
edges synchronized. The WCLK signal has a pulse 
width of 250 ns. 


TABLE 1: WRITE-DATA CLOCK FREQUENCIES 
DATA 
WCLK | RATE 
250 KHz| 125 KHz 
500 KHz} 250 KHz i 






SCLK 






DRQ DELAY 


This circuit is used to delay the leading edge of the 
DRQ signal, which is generated by the NEC 765 before 
it is sent to the DMA controller. The output pulse 


appearing at DRQD has its leading edge delayed by six 


to eight CLK pulses. The DRQ pulse is at least nine 
CLK pulses wide. The falling edge of the input clears 
the DRQD pulse. 


DATA SEPARATOR 


This circuit consists of several blocks, which include 
the one-shot, VCO, IREF, and the read-path circuitry. 
Read-data synchronization is accomplished with a fast 
acquisition phase-lock-loop (PLL). The input data from 
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the disk drive, RDTA, is phase locked with the VCO. 
The synchronized read data and the VCO (divided by 
two) are available for external data extraction at the 
RDD and RDW pins, respectively. 


Changing the state of VCOSYNC causes the VCO to 
be stopped and restarted in phase with the PLL refer- 
ence, which can be either the internal crystal oscillator 
or the RDTA input data. Restarting the VCO in phase 
with the input prevents the PLL from locking to harmon- 
ics and insures short lock times. (See Figure 1.) 


The one-shot is used to shape the input read data. The 
IREF block provides reference currents to both the 
VCO and the One-Shot circuits. Current for the current 
source block is set by an external resistor connected to 
the IREF pin. The rate pins R1 and R2 are used to 
select between various frequencies. The Read-Path 
circuitry includes the phase detector, charge pump, 
data synchronizer and control logic circuitry. 


The data synchronizer separates the data and clock 
pulses using windows derived from the VCO output. 
Using a VCO running at twice the expected input data 
frequency allows accurate centering of these windows 
about the expected bit positions. The phase detector 
controls the charge pump which causes current pulses 
to flow in or out of the phase-lock-loop filter. The 
amount of current to be sourced or sunk by the charge 
pump is controlled by an external resistor connected to 
the PDGAIN pin. This feature can be used to change 
the phase detector gain, KPD, which is given by: 
IPoGaIn/2x~—s [A/rad] 

The output read data pulse, RDD, is at least 62.5 nsec 
wide. : 


WRITE PATH 


The WDD output is a re-synchronized version of the in- 
put MFM write data (WDA) which has been time shift- 
ed, if needed, to reduce interbit interference. The 
amount of precompensation, as well as the direction of 
the pulse shifting, is controlled by the external signals 
PC1, PC2, PSO and PS1. Table 2 describes the 
precompensation signals. The output buffer for the 
precompensated write data (WDD) is capable of sink- 
ing 24 mA. The write path circuitry is also used to 
multiplex the output of the one-shot to the WDD pin for 
test purposes. 
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TABLE 2: PRECOMPENSATION DESCRIPTION 


SHIFT 


Normal (no shift) 


+187.5 ns Early (advance) 


Invalid (no Shift) 


: ae ee ae 
-tasns | | _ | Late (tay) 
a end on Mca 


| ~+— BIT CELL~- | BIT CELL | BIT CELL | BIT CELL | BIT CELL | BIT CELL | BIT CELL | BIT CELL | 


CRYSTAL 
REFERENCE 
(INTERNAL) 
SHAPED READ 
DATA | 


(INTERNAL) DETECTOR SELECTIVELY —— 
~#-—— PHASE DETECTOR na ENABLED (ONLY PHASE SENSING 


CONTINUOUSLY ENABLED 
(FREQUENCY AND PHASE SENSING) TTT TT 

VCO SYNC 
i ! 

VCO RESET ill ! 
1 


(INTERNAL) 
1/4 BIT DELAY FOR IN PHASE RESTART 
—e a 


“A lilt 
(INTERNAL) 


NO OUTPUT PULSES 





FIGURE 1: PLL Locking Sequence 
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PIN DESCRIPTIONS — 


Used to set the following conditions: write data clock rate (WCLK), one-shot 
output pulse width, and the (VCO) voltage - controlled oscillator frequency. 


250 KHz 500 KHz 500 KHz 


PRECOMPENSATION 
INTERVAL (ns) 


Should be a logic high for normal operation. When TEST is low, the WDD pin 
outputs the one-shot pulse. 


Accepts the MFM encoded read data pulses from the read amplifier circuits. 
VCOSYNC Selects the reference input to the PLL. Selects a reference frequency equal to 
WCLK when low, and the incoming read data (RDTA), when high. 


Accepts write data from the controller. This data is resynchronized and 
precompensated before being sent to the drive. 
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PIN DESCRIPTIONS (Continued) 





DESCRIPTION 


PSO, PS1 26, 27 Pins to determine whether to precompensate write data pulses, and to advance 
or delay the leading edge of pulses. 


PSO SHIFT 
Fo 1 Normal (no shift) 
Le 1 Late (delay) 
fae et Early (advance) © 
ik. oe Invalid (no shift) 





WE When high, causes data to be output at the WDD pin. When WE is low, write data 
(WDD) is low. 
VPD +5V Digital supply 







< 
= 
O 


<i< 
>| > 


NO 
ff 


Digital ground for chip 


P 12 +5V analog supply (isolated +5V source having very little noise 





). 










N Analog ground | | 
DRQD Output forthe delayed DRQ signal from the NEC 765. Only the leading edge of 
the input signal is delayed. 
RDW 9 This is a Square wave output generated by the VCO which provides a read data | 





window to be used by the NEC 765 controller to separate the read-data and read- 
clock transitions. RDW has the same frequency as the nominal data rate. 







This signal consists of pulses that indicate flux reversals present on the floppy 
disk that could indicate either clock or data information. The leading edge of | 
each RDD pulse will appear in the center of window defined by the RDW signal. 


This signal is the write clock for the controller device. All write signals output by 
the NEC 765 controller, are related to WCLK. 


CLK 22 This signal is used by the NEC 765 controller and associated devices. The CLK 
signal has a 50% duty cycle and the rate is set by SCLK. | 





WCLK 


WDD 23 This open-drain output provides re-synchronized and precompensated write 
data in accordance with settings on PC1,PC2, and PSO, PS1 pins. The leading 
edge of WDD shallbe used to define data. When TEST is low, this pin will output 


the one-shot pulses. 


XTAL Single input pin for the 16 MHz crystal oscillator. Other side of crystal to go to 
digital ground. Option of providing an external 16MHz signal with TTL compat- 


ible logic levels and a 40% to 60% duty cycle. 


IREF Used to set the internal reference current generated for the one-shot and VCO. 
Desired current shall be derived from a 1% tolerance 57.6 KQ resistor connected 


between the analog 5 volt supply and this pin. 


onk, ok, =" 
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PIN DESCRIPTIONS (Continuea) 


NAME. 
LPFOUT 


PDGAIN 17 


— i 






DESCRIPTION 


Control voltage input of the VCO, and also for the connection of loop-filter output. 
Control voltage shall range approximately from 0.7 to 4.5 volts. 










Output pin for the current pulses from charge pump that the were converted from 
voltage pulses generated by phase detector. This pin is typically connected to 
LPFOUT, and an ‘RC low pass loop filter network connected to the analog 
ground. 





Used to set the current level to be sunk or sourced by the charge-pump. A39K 
ohm resistor connected between this pin and the digital 5 volt supply VPD, shall 
provide a 100 1A current to the charge-pump. Some other resistor values and 
their corresponding currents are given below: 


ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Storage Temperature 


RATING 
—-40 to +120 


Ambient Operating Temperature, TA a 0 to +70 
Supply Voltages, VPD, VPA -0.5 to +7.0_ 


Voltage Applied to Logic inputs -0.5 to +7.0 
Voltage Supplied to Logic Outputs — -0.5 10 +5.5 
Maximum Power Dissipation | ow a 
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RECOMMENDED OPERATING CONDITIONS 


[ranaweren ~~ conommows ‘| wn 
a 
Powe Sippy otage.vP0,veR | 


Input Current High, IIH Power supply =4.75V 
VIH = 2.4V 


Low Level Input Voltage, VIL Power supply = 4.75V 

Input Current Low, IIH Power supply = 5.25V 
VIL = 0.4V | 

High Level Output Voltage, VOH Power supply = 4.75V 
lIOH=4 mA 

Low Level Output Voltage Power supply = 4.75V 

All others, VOL lOL=8mA 


Short Circuit Output Current Power supply = 5.25V 
WDD only IOS (to positive supply) 












DC CHARACTERISTICS (Unless otherwise specified, power supplies = 4.75V to 5.25V, TA = 0 to 70°C, 
RIREF = 57.6 KQ + 1%, RPDGAIN = 39 KQ + 5%, XTAL = 16 MHz crystal in series resonance.) 


PARAMETER CONDITIONS | MIN | 
Supply Current Analog, IVPA Power supply = 5.25V 
: 51 MHz data rate 
Supply Current Digital, IVPD Power supply = 5.25V 
1 MHz data rate 










Short Circuit Output Current Power supply = 5.25V 30 
| (to ground) All others, 1|OS 





DYNAMIC CHARACTERISTICS AND TIMING (Load Capacitance = 50 pF) 


DATA DETECTION CHARACTERISTICS (See Figure 2) 


PARAMETER CONDITIONS 


TRDWP_ RDW period R1=0, R2=1 


R1=0,R2=0 
Ri=1,R2=0 


R1=1,R2=1 
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DATA DETECTION CHARACTERISTICS (Continued) 


PARAMETER 





CONDITIONS 





| TRDWW RDW pulse width high or low Same R1, R2 
as above 


TRDW _ RODD pulse width 


TRDDD Propagation Delay from RDW tran- | Same R1, R2 
sition to RDD positive edge as above 








~ DRQ CHARACTERISTICS (See Figure 2) 


TDLY Propagation delay from DRQ pos- | SCLK = 1 075] | 10] ps | 
itive edge to DROD nasitive edge SCLK = 0 i150} [20] ps | 
TDRLL Propagation delay from DRQ neg- | 50. 
ative edge to DRQD negative edge | 
CRYSTAL CHARACTERISTICS 





FIGURE 2: Timing Diagram 
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PHASE-LOCK-LOOP CHARACTERISTICS 


PARAMETER CONDITIONS 


VCO frequency range 


















Nominal frequency 
set by R1, R2, 
see Table 1 


KVCO VCO gain 


_ 
— 
— 
_ 
FPO phase detecoraan ‘| RPDGANaeKaz im |_| 
- 





Number of RDW periods delay from 
RDTA to RDD 

Number of RDW periods VCO may be 
disabled during reference switching 
REFERENCE CLOCK (See Figure 3) 


PARAMETER , CONDITIONS 


TC CLK period SCLK = 1 
SCLK = 0 
















TCO CLKpulsewidthloworhigh}| = sd 
TCF CLK alltime Be 



















PARAMETER CONDITIONS 


TCY WCLK period R1=0, R2=1 
R1=0,R2=0 
Ri=1,R2=0 


R1=1,R2=1 















TR _WCLK tise time Fe | 
TF WCLK fall time ee es al 
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WRITE PRECOMPENSATION SWITCHING CHARACTERISTICS (Continued) 


PARAMETER ~ | 


TCWE Propagation delay from — 
WCLK positive edge to 
WE positive edge 


Propagation delay from 
WCLK positive edge to 
PSO, PS1 transition 


Propagation delay from 
' WCLK positive edge to 
WDA negative edge | 


| TWDD WDD pusle width 


<—$§$__——— _ TCY ——___-—-» |-<4_ TO —» 


—p| %qTTWDD jaq— 


] \ 


Early Norm Late 


Note 1: Not to scale. 
Note 2: Read data waveforms do not show delay between RDIA and RDW. 

_ Note 3: Write data waveforms do not show WDD precompensation by exact amounts precees 
Note 4: WCLK and CLK have their rising edges synchronized. 


FIGURE 3: Switching Characteristics 
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APPLICATION 
LOOP FILTER 


The element in the phase lock loop which controls the 
loop dynamics is known as the loop filter. Acquisition 
time, data margin, and data tracking can be optimized 
by the loop filter selection. One possible loop filter 
configuration is shown in Figure 4, where the function 
of C, is as an integrating element. The larger the : 
capacitance of C,, the longer will be the lock time. If the FIGURE 4: Loop Filter 
Capacitance is too small, the loop will tend to track high : 

frequency jitter. The role of the resistor R is to reduce . 

the phase shift induced by C.. This is necessary since Therefore, the closed loop transfer function is now: 
the loop will oscillate at the frequency where the gain is : Souts)_ G(s) : 

unity. The capacitor C, will suppress high frequency s ~ Bins) 1+G(s)His) 

transients when switching occurs. This capacitor will 

have a minimal effect of the loop response if it is small 
compared to C, (typically, C, = C,/19). 





KD x KVCO{ ++SRCr) 
— MG 


5245(N x KD x KVCOx R) + Axx. 


The loop filter transfer function is: ; 








F(s) = Vout — 1+sRC; now we Can put the characteristic equation (denomina- 
lin sc { 1+sCoR+ 2 tor) in the form: 
1: 2 
f C<C, S +2S8CO n+ Wn2 
then, @n2=NXKDxKVCO ang ¢-NxKDx KVCOxR 
F(s) _ Vout _1+sRC1 | Ci 20)n 
lin sC1 which results in: 
The phase lock loop can be described as: C,=NxKD x KVCO 
W n2 
_ 240n nd Cont 
Nx KD x KVCO 19 
where, Fora € = 0.8, the relationship between w, and lock time 
is: 
KD = phase detector gain [A/rad] ee 
F(s) = Filter impedance [V/A] "lock time 


KYCO = oscillator transfer function __[rad/volt - sec] 


N = ratio of reference input frequency vs. VCOoutput be evaluated for a required lock time and coding 
frequency. scheme (N) frequency relationship to the VCO fre- 
quency. 


Therefore, the loop filter components C,, C,, and Rcean 
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SSI 34D441 
Data Synchronizer & Write 
Precompensator Device 





LOOP FILTER (Continued) Table 3 lists suggested loop filter component values 
rea for various data rates. These values represent only a 


For data rates of 250 Kbits/s, the bit cellis 4s long. A _ Starting point forthe design of the filter and they may 


lock time of 3 bytes translates into: be changed to meet the performance requirements 
lock time =3x8x4=96 us of the system. | 
Therefore: : | | i. | 
TABLE 3: 





Wn=—49_ =47 Krad/s 
96 US 










DATA | LOCK | LOOP 
RATE | TIME FILTER . 


C, = 15.9x 10°x 0.96 x 10° _ 3500 pF 









2 125KHz | 192us_ | R= 10KQ, C, = 6800 pF 
2x (47x 1 : 
R err eer 250KHz | 96us | R=10KQ,C, =3300 pF 
x 10°x 3.5x | C, = 180 pF 


R = 11 KQ, C, = 1500 pF | 
C, = 82 pF 


R = 13 KQ, C, = 680 pF 
C, = 39 pF 


DMA Request 
to Host CPU 


Co=O1 = 184 pF 
19 


500 KHz | 46us 








Interrupt to 
Host CPU Read Data 


pPD7265C/iPD765AC VND pg Data 
PDGAIN ; See Note 2 


SS! 34D441 


Host CPU 


Interface See Note 1 


amoooe > 
< 


Note 1: Inputs A, B, C, D, and E may either be hardwired to 
desired control states, or may be programmable if 
controlled externally. 


A single voltage regulated +5V power supply should 
be used for VPA and VPDwith appropriate bypassing 
Capacitor. 


FIGURE 5: Application Diagram 
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PACKAGE PIN DESIGNATIONS 


(Top View) XTAL [} 1 28 |] WE 
a VPD 7 Ss 
zeae f Ex ® 8 if ee 
me coe cee ee ee ee ee R2 |}3 26 |} PSO 
4 3 2 1 







R1 14 25 |] WDA 








scik []5 25 |] WDA 
SCLK []5 24] VND 
Pc2 | |6 24 | | VND 
pce [6 23 [] WDD 
Pci ||7 23 |} WDD 
i i pc1 [17 22[] CLK 
pra []s 22] CLK pRQ [8 211] WCLK 
prap []9 21 || WCLK DRQaD [9 201] RDD 


TEST [} 10 20 | | RDD TEST [110 191] RDW 
RDTA [| 11 19 |] ROW RDTA [] 11 181] VCOSYNC 








N 
© 





— = a oR VPA [{] 12 17 |] PDGAIN 
Zz ZO 
S$ € & 5 t § § VNA [] 13 16 [] LPFIN 
= 6 
= ae IREF [} 14 15 [] LPFOUT 
28-lead PLCC 600-mil 
PLCC pinouts are the same as the 28-pin DIP 28-pin DIP 


THERMAL CHARACTERISTICS: 6ja 
28-lead PLCC 55°C/W 
28-pin PDIP 65°C/W 





ORDERING INFORMATION 


PART DESCRIPTION ORDERNO. | PKGMARK 
SSI 34D441 28-pin PDIP SSI 34D441-CP 34D441-CP 
SSI 34D441 28-pin PLCC SSI 34D441-CH 34D441-CH | 











No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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NOTES: 
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The SSI 34P570 is an integrated circuit which performs 
the functions of generating write signals, amplifying 
and processing read signals required for a double- 
sided floppy disk drive. The write data circuitry in- 
cludes switching differential current drivers and the 
erase head drive with programmable delay and hold 
times. The read data circuitry includes low noise 
amplifiers for each channel as well as a programmable 
gain stage and necessary equalization and filtering 
capability using external passive components. All logic 
inputs and outputs are TTL compatible and all timing is 
externally programmable for maximum design flexibil- 
ity. The circuit operates on +12 volt and +5 volt power 
supplies and is available in 28-pin plastic DIP and 
PLCC packages. 


BLOCK DIAGRAM 


HSOHST RW wDI cB Voc Yop 


| POWER-ON 
:{ PROTECT 


CURRENT 
REFERENCE f:: 


TIME 
DOMAIN 
FILTER 


ZERO 
] CROSSING 
4] DETECTOR 


ERASE 


|) CURRENT 
| SWITCHES 


a | 
DESCRIPTION 


SSI 34P570 
2-Channel Floppy Disk 


Read/Write Device 





June, 1989 
FEATURES 


¢ Single-chip read/write amplitier and read data 
processing function 

¢ Compatible with 8", 5 1/4" and 3 1/2” drives | 

¢ Internalwrite and erase current sources, exter- 
nally set | 

¢ Control signals are TTL compatible 

¢ Schmitt trigger inputs for higher noise immu- 
nity on bussed control signals 

¢ TTL selectable write current boost 

¢ Operates on +12 volt and +5 volt power sup- 
plies | 

¢ High gain, low noise, low peak shift (0.3% 
typical) read processing circuits 





PIN DIAGRAM 





SSI 34P570 
2-Channel Floppy Disk 
Read/Write Device 


FUNCTIONAL DESCRIPTION 
WRITE MODE CIRCUITRY 


In Write Mode (R/W low), the circuit provides controlled 
write and erase currents to either of two magnetic 
heads. The write-erase circuitry consists of two differ- 
ential write current drivers, a center tap voltage. refer- 
ence, two erase current switches and control circuits 
for head selection and erase timing. 


Write current is toggled between opposing sides of the 
head on each negative transition of the write data input 
(WDI) and is set externally by a single resistor, Rw 
connected between the Rwterminal and ground. Since 
driver output impedance is large, proper damping 
resistors must be provided across each head. A signal 
at the CB terminal provides write current boost. 


Erase current is also set externally through resistors 
Rec connected in series with each erase coil. Erase 
can be activated by, but delayed from, selection of the 
write mode, and is held active after mode deselection. 
The turn-on delay is determined by the charging of Ce 
through Rep, while the hold time is determined by the 


discharge of Ce through the series combination of Rep | 


and ReH(see connection diagram). The RECe node 
may be driven directly by a logic gate, with external 
resistors per Figure 4, if the erase period is to be 
controlled separately from the write mode selection. 
For applications where no delays are required, CE is 
omitted. 


The Center Tap Voltage Reference supplies both write 
and erase currents. A power turn-on protection circuit 
prevents undesired writing or erasure by holding the 
voltage reference off until the supply voltages are 
within their operating ranges. 


READ MODE CIRCUITRY 


In the Read Mode (R/W high), the circuit performs the 
functions of amplifying and detecting the selected head 
output pulses which correspond to magnetic transi- 
tions in the media. The read circuitry consists of two 
differential preamplifiers, a summing amplifier, a 
postamplifier, an active differentiator, a zero-crossing 
detector, a time domain filter, and an output one-shot. 


The selected preamplifier drives the summing amplifier 
whose outputs are AC coupled to the postamplifier 
through an external filter nétwork. The postamplifier 
adjusts signal amplitudes prior to application of signals 
to the active differentiator. Postamplifier gain is set as 
required by connecting a resistor across the gain 
terminals, G1 and G2. If desired, an additional fre- 
quency/phase compensation network may also be 
connected across these gain terminals. 


The differentiator, driven by the postamplifier, provides 
zero-crossing output voltages in response to input 
signal peaks. Differentiator response characteristics 
are set by an external capacitor or more complex series 
network connected between the D1 and D2 terminals. 


The zero-crossing detector provides a unipolar output 


for each positive or negative zero-crossing of the 
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differentiator output. To enhance signal peak detec- 
tion the time domain filter inhibits the detection of zero- 
crossings if they are not sufficiently separated in time. 
The filter period is set by an external RC network 
connected to the TD pin. 


The time domain filter drives the output one-shot which 
generates uniform output data pulses. The pulse width 
is set by an external RC network connected to the PW 
pin. The output one- “Shot | is inhibited while i in the write 
mode. 
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SSI 34P570 
2-Channel Floppy Disk 
Read/Write Device 





ELECTRICAL CHARACTERISTIC Unless otherwise specified, 4.75 V <Vcc <5.25 V; 11.4 V 
<Vpp<12.6; 0°C<Ta<70°C; Rw = 430 Q; Rep = 62 KQ; Ce = 0.012 uF; REH = 62 KQ; Rec = 220 QO 


ABSOLUTE MAXIMUM RATINGS (Operating above absolute maximum ratings may damage the device.) 


PARAMETER | RATING UNIT 
5 V Supply Vottage, Voc i ee a 
12 V Supply Voltage, Voo ee ee ee | 











; 7 
14 
| Storage Temperature | eStontgo | 
Junction Operating Temperature a ee ee 
Logic Input Voltage 
Power Dissipation | 
POWER SUPPLY CURRENTS 


PARAMETER CONDITIONS 


Icc- 5 V Supply Current Read Mode 
Ipp - 12 V Supply Current Read Mode 


Write Mode (excluding 
Write & Erase currents) 


V 
V 
°C 
. 











LOGIC SIGNALS - READ/WRITE (R/W), CURRENT BOOST (CB) 


PARAMETER CONDITIONS 


(It) Vit =0.4V 


Input Low Current 





Input High Voltage (Vw) | | 20 
a 


ViH=2.4V 


Input High Current (IIH 
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SSI.34P570 
2-Channel Floppy Disk 
Read/Write Device 





LOGIC SIGNALS - WRITE DATA INPUT (WDI), HEAD SELECT (HSO/HS1) | 


jparawerer | conorrions, | MIN 
Threshold Voltage, Vr + 
Positive - going | | . ‘ 
Threshold Voltage, Vr- | ares 13 
- Negative - going | 

Prisoessvrvewr fi 
Input High Current, IH ViH = 2.4V ae 

itor ——[ west ——— — 
CENTER TAP VOLTAGE REFERENCE 


PARAMETER | CONDITIONS MIN. | NOM 
Output Voltage (Vct) — | -Iwe + le =3 mA to 60 mA 



















Voc Turn-Off Threshold "(See Note 1) | 40 || 
Vop Turn-Off Threshold .. (See Note 1) oa 66 |_| 
Vor Disabled Vottage a a 


-NOTE1: Voltage below which center tap voltage reference is disabled. 






ERASE OUTPUTS (E1,E0) 


PARAMETER CONDITIONS =i | min | NOM | 

- Unselected Head Leakage ~ Veo, VE1=12.6V — = ae 100 
Output on Voltage (VE1, VEO) le =50mA ; - a ae 
WRITE CURRENT a | 
PARAMETER CONDITIONS | 


Unselected Head Leakage | Ve1, VEO = 12.6 V 
Write Current Range | Rw'=820Q to 1802 a4 


Current Reference Accuracy ; lwe = 2.3/Rw | 
Vca(current boost) = 0.5 V 


Write Current Unbalance Iwc = 3 MAto 10 MA 


Current Boost Vcp= 2.4 V 













3 
5 
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Small Signal Differential : lo < 1.0 mAp-p 75 Q 
Output Resistance | : | 


SSI 34P570 
2-Channel Floppy Disk 
Read/Write Device 





ERASE TIMING 


Erase Delay Accuracy TeD = 0.69 Rep CE 
ATED RED = 39 KQ to 82 KQ; 
x 100% Ce = 0.0015 pF to 0.043 uF 


TED | 
Erase Hold Range 


Erase Hold Accuracy TEH= 0.69 (REH + RED) CE 
ATEH REH + Rep = 78 KQ to 164 KQ; 
| Tes x 100% Ce= 0.0015 uF to 0.043 wF 





ELECTRICAL CHARACTERISTICS (Unless otherwise specified: Vin (Preamplifier) = 10 mVp-p sine 
wave, dc coupled to center tap. (See Figure 1.) Summing Amplifier Load = 2 KQ line-line, ac coupled. VIN 
(Postamplifier) = 0.2 Vp-p sine wave, ac coupled; Re = open; Data Pulse Load = 1 KQ to Vcc; Cp = 240 pF; 
Crp = 100 pF; Rtp = 7.5 KQ ; Cpew = 47 pF; Rew= 7.5 KQ.) : 


READ MODE 


é 


PREAMPLIFIER - SUMMING AMPLIFIER 


Banos) fSC* 
ee 


Max Differential Output Vin = 250 KHz sine wave, 2.5 
Voltage Swing THD < 5% 







eo 








Common Mode Rejection Ratio] Vin = 300 mVp-p : 
| @ 500 KHz Inputs Shorted 50 


Power Supply Rejection Ratio 













Unselected Channel Vin 
100mVp-p @ 500 KHz 
Selected channel input 
connected to Vct 


Channel Isolation 
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SSI 34P570 
2-Channel Floppy Disk 
Read/Write Device 


PREAMPLIFIER - SUMMING AMPLIFIER (contd.) 








| PARAMETER a CONDITIONS 


Equivalent Input Noise Power BW = 10 KHz to 1 MHz 
' Inputs shorted to VCT. 


Center Tap Voltage, Vct 
POSTAMPLIFIER - ACTIVE DIFFERENTIATOR 


PARAMETER | CONDITIONS | MIN | NOM 
| Ao, Differential Voltage Gain Freq. = 250 KHz 8.5 a 11.5 | VV 


+ IN, -IN to D1, D2 (See Figure 2) 


Bandwidth (-3 dB) Co = 0.1 wF, Ro = 2.5 KO 
+IN<-IN to D1, D2 


Gain Flatness 
+ IN, -IN to D1, D2 

















Freq. = dc to 1.5 MHz 
Co = 0.1 uF, Ro = 2.5 KO 






Max Differential Output ; 
Voltage Swing 


Vin = 250 KHz sine wave, 
ac coupled. < 5% THD in 
voltage across Co. 

(See Figure 2) 

















VIN = 250 KHz sine wave, 

ac coupled. < 5% THD in 
voltage across Cp. 

Re = 1.5 KQ 


Max Differential Input Voltage 





Differential Input Impedance 








Gain Control Accuracy Ar = AoRa/(8 x 10? + Re) 


















AAR | Re = 2 KO | 
——XxX 100% 
AR 

Threshold Differential _ Min differential input voltage 


Input Voltage. (See Note 2) at post amp that results ina 
| change of state at RDP 
VIN = 250 KHz square wave, 
Cp = 0.1 uF, Ro = 500 Q, Tr, 
TF <0.2 usec No overshoot; 
Data Pulse from each VIN . 
transition. (See Figure 3) 


Peak Differentiator Network 
Current 


NOTE 2: Threshold Differential Input Voltage can. be related to peak shift by the following formula: 
mVin = 8 
where Vin = peak to peak input voltage at post amplifier. Note that this formula demonstrates an — 


inverse relationship between the input amplitude and the Peak Shift. 
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SSI 34P570 
2-Channel Floppy Disk 
Read/Write Device 





TIME DOMAIN FILTER | 


Delay Accuracy T1p = 0.58 Rtp x (CTp + 
ATTD 10°") +50 nsec, Rtp = 5 KQ, 
x 100% to 10 KQ Crp = 56 pF. 

TD Vin = 50m Vpp @ 250 KHz 
square wave, TR, TF < 20 
nsec, ac coupled. Delay 
measured from 50% input 
amplitude to1.5 V Data 
Pulse 


Delay Range Trp = 0.58 Rip x (Ctp + 
10°’) + 50 nsec, Rtp = 5 KQ 
to 10 KQ, Ctp = 56 pF to 
240 pF 





DATA PULSE 









PARAMETER CONDITIONS 


Width Accuracy Tpw = 0.58 Rew x (Cpw +8 
AT pw x 10°) + 20 nsec. 

Rew = 5 KQ to 10 KQ 
PW Cew = 236 pF 
width measured at 1.5V 
amplitudes 


Active Level Output Voltage loH = 400 LA 
4 











x 100% 


















Inactive Level Output Leakage 
Pulse Width Tpw = 0.58 Rew x (Cpw +8 
. X10-12) + 20 nsec. 
Rew = 5 KQ to 10 KO 


Cpw = 36 pF to 200 pF 








SSI 34P570 
2-Channel Floppy Disk 
Read/Write Device 


TEST SCHEMATICS 


Vin = 10 mVpp 


NEY, 
| 
| 
| 

| 
| 
| 
| 
| 
| 
[ 
| 
| 
| 
| 


Preamplifier 


ssi 
34P570 


FIGURE 1: Preamplifier Characteristics 


FIGURE 2: 
Postamplifier Differential Output 
Voltage Swing and Voltage Gain 


Vin 
f=250 KHz 


Cp = 0.1 pF 


Rp = 500 2 


FIGURE 3: 
Postamplifier Threshold Differential 
Input Voltage 





Vin | 
f=250 KHz 
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SSI 


ssl 
34P570 34P570 


Output HI = Erase Coil Active 





FIGURE 4 : External Erase Control Connections 
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PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: Qja 


sili [een [_ oP | Seow 









+HDOo | | 1 Vv - 5 @ 82 g 
ee fe 2 & 2 2 & 
-HDO 2 +Ag 
+HD1] 13 -Ao 
CB 
-HD1 | | 4 +IN 
CB;/5 -IN . | Rw 
Rw 1} 6 G1 ECE 
ReCe 7 G2 Re 
Re 8 D1 Vpop 
Vpp 9 D2 Wea 
Vet BW HSO/HST 
HSO/HST RDP 
WDI PW 5 ne 8 e Fe 
= & a 2 
E1 TD 
GND EO 
28-Pin DIP | | 28-Pin PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 


SSI 34P570 28-Pin DIP SSI 34P570-CP 34P570-CP 
SSI 34P570-CH 34P570-CH 















SSI 34P570 28-Pin PLCC 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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JI FOS v4 2 or 4-Channel Floppy Disk 
a Read/Write Device 


DESCRIPTION FEATURES 


SSI 34R575 





June, 1989 


The SSI 34R575 device is a bipolar monolithic inte- ¢ Operates on +5 V, +12 V power supplies 


grated circuit used in floppy disk systems for head 
control and write, erase, andread selectfunctions. The 


¢ Two or four channel capability 


device has either two or four discrete read, write, and °¢ TTL compatible control inputs 


erase channels. Channel select inputs are TTL com- , 
patible. The SSI 34R575 device requires +5 V and 


Read/Write functions on one-chip 


+12 V power supplies and is available in 18-pin ° Internal center tap voltage source 
(2-channel version) or 24-pin (4-channel version) dual * Supports all disk sizes 


inline packages. 


¢ Applicable to tape systems 


BLOCK DIAGRAM 


WG WC Vop 








DIFFERENTIAL 


PRE-AMPLIFIERS 
AND 






WRITE 
DRIVERS 
(4 CHANNELS) 






ERASE 
DRIVERS 






HEAD 
SELECT 





PIN DIAGRAM 





CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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SSI 34R575 


2 or 4-Channel Floppy 
Disk Read/Write Device 


FUNCTIONAL DESCRIPTION 


The SSI 34R575 functions as a write and erase driver 
or as a read amplifier for the selected head. Two TTL 
compatible inputs are decoded to select the desired 
read/write and erase heads. Head select logic is 
indicated in Table 1. Both the erase gate (EG) and 
write gate (WG) lines have internal pull up resistors to 
prevent an accidental write or erase condition. 


MODE SELECTION 


The read or write mode is determined by the write gate 
(WG) line. The input is open collector TTL compatible. 
With the input low, the circuit is inthe write mode. With 
the input high (open), the circuit is inthe read mode. In 
the read mode, orwith the +5 V supply off, the circuit will 
not pass write current. 


ERASE 


The erase operation is controlled by an open collector 


TTL compatible input. With erase gate (EG) input high 
PIN DESCRIPTION 











HOX-H3X 
HOY-H3X 


DX, DY 


Write data line 


E0-E3 
HSO0-HS1 
GND 
VCT 
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TYPE DESCRIPTION | 


X, Y head connections | 


X, Y Read Data: Differential read signal out 
Write gate: sets write mode of operation 


Write current: current mirror used to drive floppy disk heads 


Erase gate: allows erasure by selected head © 


Erase head driver connections 


Head select inputs 
Ground 


Center Tap Voltage Source 


(open) or the +5 V supply off, the circuit will not pass 
erase current. With EG low, the selected open collec- 
tor erase output will be low and current will be pulled 
through the erase heads. 


READ MODE 


With the WG line high, the read mode is enabled. Inthe 
read mode the circuit functions as a differential ampli- 
fier. The state of the head select input determines 
which amplifier is active. When the mode or head is 
switched, the read output will have a voltage level shift. 
External reactive elements must be allowed to recover 
before proper reading can commence. A Current 
diverting circuit prevents any possible write current 
from appearing on a head line. 


WRITE MODE 
With the WG line low, externally generated write cur- 


rent is mirrored to the selected head and is switched 
between head windings by the state of the write data 


_ (WD) signal. 
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SSI 34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 





TABLE 1: HEAD SELECT LOGIC 


4- CHANNELS 






a ee 
i elo 
pt { o | 2 





2 - CHANNELS 


ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS | 
(Operating above absolute maximum ratings may damage the device.) 


~ PARAMETER RATING 


Head Port Voltage 18.0 


14.0 
Digital Input Voltages: DX, DY, HSO, HS1, WD -0.3 to + 10 
EG, WG -0.3 to V,, + 0.3 











Write Current 


DX, DY Output Current 
VCT Output Current 


Storage Temperature Range -65 to + 150 
Junction Temperature a ar 
Lead Temperature (Soldering, 10 sec.) p80 
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SSI 34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 


_ RECOMMENDED OPERATING CONDITIONS (0°C<Ta<50°C, 4.7 V<Voc<5.3 V, 11 V<Von<13 V) 


sonore | ww [vou] wax | ow 


Vcc Supply Current > wee 8 







PARAMETER 









Read mode Vcc MAX 


ae 
Write mode |Moomax | 


Vop Supply Current | 


eo a 


ERASE OUTPUT - 








PARAMETER 


Erase On Voltage 





Erase Off Leakage 


- LOGIC SIGNALS 
PARAMETER 


Head Select (HSO, HS1) and Write Data(WD) 
VIN = 2.7 volts 


(WD) 
(EG) -_ 
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SSI 34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 





READ MODE 


PARAMETER - CONDITIONS | min fom | Max | UNIT 
Differential Gain f = 100 KHz, Vin = 5 mV Rms 80 100 120 

Rt = 10KQ 
Bandwidth Vin = 5 mW Rms 9 P| Me 


RL=10K CL=15pF 
Input Voltage Range for 95% f= 100 KHz, RL=10K 25 mVpp 
Linearity 


Differential Input Resistance f= 1 MHz } 100 ff KS 








Differential Input Capacitance | fatMHz 
Output Voltage, Common Mode ee ae 
Output Resistance ee 35 
 ctamtamenetenniottnd 


Output Current Sink 


a a 
ae oe 
ae 
Common Mode Rejection Ratio. | f=1MHz(inputrefered) | 50 | | | 
a ae 
a 












Power Supply Rejection Ratio f = 1 MHz (input referred) 
Channel Separation f= 1 MHz (input referred) 


Input Noise BW = 100 Hz to 1 MHz, v4 
Z Source = 0 


WRITE MODE 


uV RMS 


VIV 
MH 
KQ 
pF 
mV 
| 6B 
aan 





PARAMETER 


Write Current Gain 
Write Current Voltage Level 


Differential Head Voltage 


Unselected Head Current IW=5.5 mA 
DC Condition 


Write Current Unbalance IW =5.5 mA 
Write Current Time Symmetry IW=5.5 mA 


Read Amplifier Output Level 


Center Tap Voltage (Read and Write Modes) 
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SSI 34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device. 





SWITCHING CHARACTERISTICS 


PARAMETER | CONDITIONS 


Head Select Switching Delay rr 
Head Current Switching Delay T1 in Fig. 1 
- Head Current Switching Time IW = 5.5 mA Shorted Head 


Write and Erase Delay to 90% of Write Current 
Gate Switching Delay 





HEAD 
CURRENT 





FIGURE 1: Head Current Switching Delay 
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SSI 34R575 
2 or 4-Channel Floppy Disk 
Read/Write Device 





PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 





24-Pin DIP 18-Pin DIP 





ORDERING INFORMATION 


PART DESCRIPTION ORDER NO. | PKG.MARK 
SSI 34R575 24-Pin DIP 





SSI 34R575-4CP 
SSI 34R575-2CP 


34R575-4CP 
34R575-2CP 








SSI 34R575 18-Pin DIP 





No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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A iP SSI 34B580 
Fons : Port Expander 
Jl rf Floppy Disk Drive 


May, 1989 
DESCRIPTION FEATURES 


The SSI 34B580 device is a bipolar integrated circuit »« pPeaduces package count in flexible disk drive 
that serves as an input/output port expander for an systems | 
8084 type microprocessor based floppy disk drive 


system. The device consolidates functions normally * Replaces bus interface and combinational 


performed by a variety of LSTTL, SSI, AND MSI de- logic devices between the SSI 34P570, on 
vices. The combination of an SSI 34P570 (read, write, board microprocessor and mechanical inter- 
and erase device), an 8048 type microprocessor, and faces 


the SSI 34B580 provides the majority of electronics re- 
quired for a SA400 type floppy disk drive system, 
including host interface bus driver and receiver. In 
addition to its port expansion function, the SSI 34B580 
processes system data and provides both pulse width 
and delay control (adjustable by externalelements) for ° Provides drive capability for mechanical and 


¢ Surface mount available for further real 
estate reduction 








the INDEX SENSOR input. The device requires a system Interfaces 
single +5 V power supply and is available in a 28-pin 
package. 
BLOCK DIAGRAM PIN DIAGRAM 
P23 al 1 28 a P22 
rer Vee { | 2 27 | | Pat 
= + WGATEN | | 3 26 | | P20 
3 MOTORON | | 4 25 | ] NoTUseD 
warren L- mS [Js 23 |] EADY 
= te STEF [| 7 22 |] TRACKS 
SS PROG [ | 8 21 |] GND 





WATE 
TRACK 0 SENSOR WR PROT SENSOR & 9 20 | 


TRACK 0 SENSOR [| 10 19 | INDEX 
WR PROT SENSOR 


INDEX SENSOR | 11 18 | FAD DATA OUT 
INDEX SENSOR 
GND a 12 17 | RD DATA IN: 
ACD ‘a 13 16 a TI 
ricw [7] 14 is[] NT 


OP RE 
CODE ADDRESS REG1 


RD DATA OUT 
RD DATA IN 


CAUTION: Use handling procedures necessary for 
a static sensitive component. 
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SSI 34B580- 
Port Expander 
Floppy Disk Drive 


FUNCTIONAL DESCRIPTION 


PORTS 


The SSI 34B580 has two 4-bit input ports, Port A and 
PortB. Port Areceives data from the hostinterface bus 
for conveyance to the drive’s read/write circuitry and to 
the microprocessor. Three sensors report the status of 
the drive to the 34B580 via Port B. Common to both 
ports is a drive select (DS) signal from the host inter- 
face bus. This allows the host to address separate disk 
drives. There is also a 4-bit bidirectional port on the 
SS! 34B580. This is port 2 and it can be used by the 
microprocessor to write to or read from the 
SSI 34B580. 


READ MODE 


Ports Aand Bcan be read by a microprocessor via Port 
2. This allows the microprocessor to obtain data from 
the host interface bus and the status sensors. The 
PROG signal from the microprocessor provides the 
timing for the operation. First an OP code and a port 
address must be placed on Port 2 (see Table 1), then 
latched in on the falling edge of PROG. When the OP 
code and addresses have been decoded, the desired 
input portis selected and output on Port 2. The opera- 
tion is terminated by the rising edge PROG, which 
returns Port 2 to the input mode. 


WRITE MODE 


In the write mode the microprocessor passes system 


parameters to the SSI 34B580 for logic processing and 


outputting. Table 2 shows how each bit of Port 2 affects 
the SSI 34B580. A logic one on the zero bit of Port 2 
will reset the index latch. P21, qualified by the DS 
signal, sends a “this drive ready” signal fromthe micro- 
processor the the host interface bus. Similarly P22 is 
DS qualified and sent to the host as a signal that the 
head is positioned over track 0. P23is usedin the logic 
that sends a R/W signal to the drive’s read/write cir- 
cuitry. The write mode occurs when the proper OP 
code and address is placed on Port 2 and latchedinon 
the falling edge of PROG (see Table 2). The micropro- 
cessor writes in the data on PROG’s rising edge. 


INDEX PULSE ~ 


An optical sensor connected to the INDEX SENSOR 
pin detects the diskette’s index marker. The state ofthe 
index sensor is latched into the SSI 34B580 and is 
available to be read by the microprocessor on P22. 
The latch may be reset by writing a one to P20 from the 
microprocessor. The pulse received from the sensor 
also drives the host interface signal INDEX, the width 
and delay of which. can be controlled by external R/C 
circuits. The time constant attached to the R/C D pin 
determines the delay from the INDEX SENSOR input 
to the INDEX signal on the host interface bus. The 
equation for the delay is Td = 0.59Rd x Cd (seconds). 
The width of the INDEX signal is determined by the 
circuit attached to the R/C W pin and the equalian Tw 
= 0.59Rw x oa keeeones): 











INTERRUPT 


The INTR signal is asserted every time a step com- 
mand is issued to the drive on the host interface bus. — 





Thus.when INTRis tied to the interrupt pin of 8048 type 
microprocessor, an interrupt service routine will be 
executed on each step command. This routine typi- 
cally obtains information on the direction the heads 
should move and the status of the track 0 sensor to use 
for generating the stepper motor control signals. The 
interrupt signal is cleared (set high) by first placing the 


the proper OP code and address on Port 2 (seeTable 
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2). This is latched in on the falling edge of PROG, then 
on its rising edge logic ones on P20 and P21 will be 
latched in to set INTR back to a high state. Note that 





an indeterminate operation will result from holding the 


INDEX SENSOR latch reset (holding P20 high). 
T1 PIN 


This signal changes state with the STEP command of 
the host interface bus when the drive is selected. It 
drives the T1 pin on an 8048 type microprocessor 
which is an input to a counter. The 8048 can use this 
count and the DIR signal read from Port 2 of the 
SSI 34B580 to monitor the head position and issue a 
CB (current boost) command to the SSI 34P570 when 
a specific track is reached. . 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 


INPUT TO PORT2 READ FROM PORT 2 


OP 
Code Adar. 
P22 P20 P22 P21 P20 
WR Track 0 
Sensor Sensor 


OP 
Code 
P22 


Where Z = (P23 * WR PROT SENSOR) + (DS * WGATEIN) 





TABLE 2: Write Mode 





OUTPUT VALID 





FIGURE 1: Timing Diagram 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 


PIN DESCRIPTIONS 

























TYPE | DESCRIPTION 
P20 - P23 | 4-bit bidirectional port, referred to as Port 2. 
WGATE IN a ae This input command to write is asserted by the host interface bus. 
MOTOR ON This input command to turn on the spindle motor comes from the 
host interface bus. | 
Input from the host interface bus selecting the direction in which the 
| stepper motor should move the head. 
INDEX SENSOR Input from the photodiode that indicates the index marker in the 
| diskette. a | 
WR PROT SENSOR | Input from the photodiode that indicates if the diskette is write | 
protected. i 


Input from the photodiode that detects when the head is positioned 


TRACK 0 SENSOR 
over track 0. 

STEP Input from the host interface bus indicating that the head should be 

| moved. 

T1 This pin changes state when a STEP commandis received from the 
host interface bus. | 

RD DATA IN and /O Read data path 

RD DATA OUT : 























ete, Output to the disk drive's read/write circuitry. | 
he aor: Output to the host interface bus indicating index sensor status. 
TRACK 0 cen a! Output to the host interface bus indicating track 0 sensor status. _ 
READY fe Output to the host interface bus indicating track 0 sensor status. 
anil TE Output to the host interface bus indicating write protect sensor 
status. | | 
: SS! 34B580. 
INTR Output to the interrupt pin of the 8048 microprocessor. 
‘reoeanew | The external resistor and capacitor networks tied to these pins 
determine the delay and width of the output pulse to the INDEX pin. 
Veo LV suppy 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 





ABSOLUTE MAXIMUM RATINGS (Ali voltages referred to GND) 
Operation above absolute maximum ratings may permanently damage the device. 


PARAMETER RATING UNIT 
DC Supply a a an meee 


+7 V 
Voltage Range (any pin to GND) 
Power Dissipation mw 


Storage Temperature -40 to + 125 °C 
Lead Temperature (10 sec soldering) 260 °C 











ELECTRICAL CHARACTERISTICS 
(Unless otherwise specified, 4.75 < Vcc < 5.25 VDC; 0°C < Ta < 70°C) 










PARAMETER | CONDITIONS MIN UNIT 


NOM | MAX 

Totem pole outputs (P20 - P23, INTR, T1) ~ 

Output High Voltage IOH = -400 A fe5 | | [ov 
Output Low Voltage lOL =2mA is ae ee 
Open collector outputs (RD DATA OUT, INDEX, WGATE, TRACKO ,READY, WR PROT) | 


Output High Current VOH = 5.25 V 
Output Low Voltage IOL = 48 mA 


| InputHigh Votage | v 
|InputLowVottage | 


PPemeinavete [Fost ve= soy] 3a v 
Negative Going, Voo=5.0V | 06” | 
en a ae 
z 
input ow Curent 

input urent—__———~+dYCVN= 































| i 
Input Low Current po vesosv | 
Input Current povin=7ov | 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 


High Impedance Inputs with Hysteresis (WR PROT SENSOR, TRACK 0 SENSOR, INDEX SENSOR) 


PARAMETER CONDITION 


Propagation Delay Time | RD DATAIN to RD DATA OUT 


- DS io WGATE, TRACK 0 READY 
WR PROT,RD DATA, INDEX 


PROG to INTR, WGATE, TRACK 0 
(Rising edge) READY, WR PROT | 


WR PROT to WGATE, 


WR PROT SENSOR 
WGATE IN to WGATE — 
_ STEP to T1, P20 


TRACK 0 SENSOR 
WR PROT SENSOR to Port 2 
INDEX SENSOR 


MOTOR ON 

WGATEIN to Port2 
Data Setup Time DIR to STEP 50 
Data Hold Time DIR to STEP | 


Delay Accuracy | Td=0.59RdxCd 
(Pin 13) Rp = 3.9 Kto 10K 
Cp = 75 pF to 300 pF 


Pulse Width Accuracy Tw = 0.59 Rw x Cw 
(Pin 14) | Rw = 3.9 K to 10 K 
Cw = 75 pF to 300 pF 
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SSI 34B580 
Port Expander 
Floppy Disk Drive 





PORT 2 (P20 - P23) TIMING (Timing Referenced to PROG signal, Figure 1.) 


SYMBOL DESCRIPTION 


———— 

/THA——S—S—SsSsY:SsAdr. hid tirne 

|TsD | Datainsetuptime 
TACC 


TSA 
THA 
TSD 
TAC i 





PROG pulse width 1500 


SSI 34B570 
DATA PATH 
CHIP 


HOST 
INTERFACE 
BUS 


SS! 348570 
VO PORT 
EXPANDER 


a A ole 


Gemee g 


SPINDLE PHOTODIODE 
MOTOR SENSORS (3) 


STEPPER MOTOR 


FIGURE 2: Typical Application 
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SSI 34B580 
Port Expander | 
Floppy Disk Drive 





PACKAGE PIN DESIGNATIONS 










(TOP VIEW) = 
Oo 
Lu 
Oo © fap) 
fat) TT 
P23 a 1 28 | P22 Q O a v 8 g 
Veco | | 2 27 | | Pat J Ed od 
WGATEIN | | 3 26 | | P20 or = 4 
MOTOR ON 25 | | NOT USED O 
DS 
DIR a 5 24 g WR PROT 
STEP READY 
Ds] 6 READY 
STEP TRACKO | _ PROG 
proc [| 8 21 [|] GND WR PROT SENSOR || GND 
WR PROT SENSOR 1 | 9. | WGATE TRACK 0 SENSOR | | WGATE 
TRACK 0 SENSOR [| 10 19 | | INDEX INDEX SENSOR F) INDEX 





INDEX SENSOR | | 11 18 | RD DATA OUT 

SSE pana BE pay SS! i oe EER 

GND 12 17 RD DATA IN = 
i x 28 BEF Z5 
neo [ | 13 16 { | 11 coe §& re < 

a 
<< 
Rcw | | 14 INTR S = 
[am 
28-Pin DIP 28-Pin PLCC 





ORDERING INFORMATION 


PART DESCRIPTION _ 


SSI 34B580 
28-Pin DIP 


SSI 34B580 - 
28-Pin PLCC 


SSI 34B580-CP ~ 34B580-CP 














SSI 34B580-CH 34B580-CH 










No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 
in specifications at any time without notice. 
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DESCRIPTION. 


Silicon Systems’ SSI 35P550 combines magnetic tape 
head read signal amplification and processing onto a 
single integrated circuit. The device accepts up to 4 
center-tapped magnetic read heads connected di- 
rectly to the head inputs; head center tap voltage is 
provided by an on-chip reference. The device architec- 
ture permits system design flexibility by providing the 
external connections between the Preamplifier/Multi- 
plexer, Postamplifier, Signal Level Detector, and Data 
Detector; this allows the implementation of many suit- 
able filtering combinations. Low noise amplifiers are 
used throughout the device. The SSI 35P550 operates 
on +5 and +12 Volt supplies and has TTL compatible 
control signals. 


SSI 35P550 
4-Channel Magnetic 


Tape Read Device 


June, 1989 
FEATURES | 


* 4-Channel Multiplexer with differential-input 
Preamplifiers 


* Postamplifier has component-adjustable and 
programmable gain 


¢ On-chip Signal Level Detector with program- 
mable threshold and adjustable delay 


* Data Detection Circuit includes spurious sig- 
nal rejection (adjustable time domain filter) 
and provides an adjustable uniform Data Pulse 
output 


¢ Available in 40-pin DIP or 44-pin PLCC plastic 
packages | 


BLOCK DIAGRAM 


" COUPLING / 
GAIN AD 


FILTER 
NET- : 
WORK Re Cg 
+ 


nr ee re ee ee ee ee ee eS eS SD ee 


{ew es re ce ee ce me ee em ts see ee ee ee cre mm me ve Se es es ee we es ee MO we ce ee OS mn sm oe ee 





GO Gi G2 
CHANNEL SELECT Lay 
: GAIN SELECT 


Note: Shown with typical external circuitry. 
Pin #s refer to PLCC pinout. 
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NET- 


FILTE 
WORK 
Rrp Rop 
Rp + D Crp Cop 
- + = — 


vec2 
+5V +12V 


oe 





AGND 


i oil 


ayn 
THRESHOLD SELECT RDS1 
DELAY NETWORK 


CAUTION: Use handling procedures necessary for 
a static sensitive component. 











SSI35P550_ . 
4-Channel Magnetic | 
Tape Read Device 


FUNCTIONAL DESCRIPTION 


4-CHANNEL PREAMPLIFIER AND MULTIPLEXER 


The device contains four low level differential-input 
Preamplifiers. The differential output of a single Pre- 
amplifier is selectively connected to the Preamplifier 
output terminals by means of two logical CHANNEL 
_ SELECT signals, SO and S1. The selected Preampli- 
fier number is the binary value of the logical SELECT 
signals for active high voltage levels. 


The Preamplifier inputs are intended for connection to 
center-tapped magnetic read heads. An appropriate 
Preamplifier input bias voltage level is obtained by 
connecting ine head center taps io the circuit C.T. 
VOLT terminal. 


The C.T. VOLT terminal is the output of a voltage 
reference which has a value to center the Preamplifier 
inputs within their operating range. 


POSTAMPLIFIER 


The Postamplifier is a differential-input, differential- 
output circuit which has two means of gain adjustment. 
Acontinuously-variable gain adjustment is obtained by 
use of an external resistor or potentiometer. Discrete 
values of gain setting are additionally obtained by 
applying combinations of logical signal levels to the 
three GAIN SELECT terminals, GO, G1, and G2. 


The Postamplifier receives the output signals of the 


Preamplifier after frequency selection by an external 
filter network. The input characteristics of the Postam- 
plifier are such that the inputs may have DC coupling to 
the Preamplifier output, or may be AC coupled with 
Pieper bias of 3V nom. 


_ A suitable coupling capacitor must be connected be- 
tween the GAIN1, GAIN2 terminals independent of the 
use of a gain setting resistor. 


SIGNAL LEVEL DETECT CIRCUITS 


The Signal Level Detect circuits consist of detector 


circuits which compare the amplitude of the signal 
envelope of the Postamplifier output with a selectable 


threshold and provide a logical output level which 
indicates the presence of Postamplifier signal greater 
than the threshold. AC coupling is required between 
the Postamplifier output and the Signal Level Detect 
Circuits input. The Signal Level Detect input has 
internal bias connections so that no external bias 
network is required. 


The threshold to which the Postamplifier signals are 
compared is selected by means of two THRESHOLD 
SELECT logical inputs TO and T1. The result of the 
comparison is delayed from appearing at the circuit 
SIGNAL DETECT output terminal by means of a delay 
circuit which is adjustable by means of external compo- 
nents. The delay associated with signal detectionis set 
by combinations of capacitor CDS and resistor RDS1. 
The delay associated with signal loss is set by combi- 
nations of CDS and resistors RDS1 plus RDS2. 


DATA DETECTION CIRCUITS 


The Data Detection circuits are AC coupled to the 
Postamplifier outputs through an (optional) external 
filter network and provide logical output pulse signals in 
response to positive and negative input signal ampli- 
tude peaks. This function is performed by differentiat- 
ing input signals to obtain zero-crossing voltages at 


points of inflection and detecting these crossings to 


provide output signals. 


To enhance the signal peak detection, spurious inflec- 


tion points which occur in pairs between true signal 


peaks are suppressed by means of the Time Domain 
Filter. The filter inhibits the propagation of detected 
zero-crossings if they are not sufficiently separated in 
time. This time period is set by external capacitor CTD 
and resistor RTD. 


Uniform DATA PULSE output signals are provided by 
the One-Shot Multivibrator which is triggered by out- 
puts of the Time Domain Filter. The time duration of the 
DATA PULSE signals is set by external capacitor CDP 
and RDP. 


DC paths through the external filter network to the 
Signal Level Detect circuits inputs are required to 
properly bias the Data Detection circuits. The resis- 
tance of each path is not critical and may be as large as 
10 KQ. 
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SSI 35P550 
4-Channel Magnetic 
Tape Read Device 





PIN DESCRIPTION 


DESCRIPTION 


‘Channel 0 (-) input 





Channel 0 (+) input 


) 
Channel 1 (-) input 
Channel 1 (+) input 
+) 
-) 


Channel 2 (-) input 


. 
errr a reece nt 
. 
e 








No internal connection 


Channel 2 (+) input 
Channel 3 (-) input 


INS + (+) input 
Center tap voltage 
Analog signal ground 


External RC for time-domain delay 
No internal connection 
DATA PULSE | 16 Output of time-domain filter 


DGND pz | 9 | Grunge 
vec +5 Volt supply 
2 





Threshold select signal (1 of 2) 
TH 20 | 22 __|__Threshold select signal (1 of 2) 


CAP1 External differentiating capacitor 
connection 
Inputs to active differentiator | 


LEV OUT 25 Output to level detector 


No internal connection 


Inputs to level detector 
Postamp gain select (1 of 3) 
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SSI 35P550 
4-Channel Magnetic 
Tape Read Device 


PIN DESCRIPTION (Continued) 


[Tuame ‘(| apm | wpm | vescnprow 













Joana | wo | owe S| 
reswy- | os we 


External Postamplifier gain 
adjusting RC terminals 












G2 | 40 Postamp gain select (1 of 3) 
| 
) 









ELECTRICAL CHARACTERISTICS 





ABSOLUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 


| PARAMETER | RATING | UNIT 

















Lead Temperature (soldering, 10 sec) 


°C 
°C 
VDC 
VDC 
VDC 
VDC 
mA 
°C 
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SSI 35P550 
4-Channel Magnetic 
Tape Read Device 





DC CHARACTERISTICS 
(Unless otherwise specified, VCC1 = 4.75V to 5.25V, VCC2 = 11.4V to 12.6V, Ta = 0 to 70 °C.) 


CHARACTERISTICS CONDITIONS 
Input Current Vih = VCC1 
Logical Inputs HIGH 

Input Current - Vil = OV 
Logical Inputs LOW 


Output Voltage lol = 2.0 mA 
Delay Comparator ON 

Data Pulse Inactive loh = -400 pA 
Level Output Voltage 

Data Pulse Active lol=2.0 mA 
Level Output Voltage 

VCC1 Power Supply Current | No Head Inputs 
VCC2 Power Supply Current | No Head Inputs 


NOTE: Characteristic applies to Inputs SO, $1, GO, G1, G2, TO, T1 


Output Voltage loh = -400 pA 
Delay Comparator OFF 





PREAMPLIFIER AND MULTIPLEXER CHARACTERISTICS | 
Output Load = 2 KQ line-line, Channel Select Signals (S0,S1): VON = 2V Min., VOFF = 0.8V Max. 


CHARACTERISTICS CONDITIONS 

Differential Voltage Gain Vin = 4 mV p-p @ 100 KHz 
ref. to CT VOLT 

Gain Flatness Vin = 4 mV p-p DC to 0.5 MHz 0.5 
ref. to CT VOLT 


Bandwidth, -1 dB Vin=4mV p-p 





Differential Input Impedance Vin = 4 mV p-p @ 100 KHz 10 
ref to CT VOLT 
Common-Mode Rejection Ratio | Vin = 300 mV p-p @ 500 KHz 50 
: Inputs shorted to CT VOLT 7 


' Power Supply Rejection Ratio A VCC = 300 mV p-p @ 500 50 
KHz Inputs shorted to CT VOLT 


Channel Isolation Unselected Vin = 100 mV p-p 
@ 2 MHz. Selected Channel 
inputs connected to CT VOLT 


Bandwidth, -3 dB Vin = 4 mV p-p. 
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SSI 35P550 
4-Channel Magnetic 
Tape Read Device 


PREAMPLIFIER AND MULTIPLEXER CHARACTERISTICS (Continued) 
CHARACTERISTICS | CONDITIONS a fran 
| Total Harmonic Distortion Vin = 0.5 to 6.0 mV 
p-p @ 500 KHz | 
Equivalent Input Noise Power BW = 10 KHz to 1MHz 
Inputs shorted to CT VOLT | 











Maximum Diff. Output Voltage Freq = 100 KHz THD <5% © 


Output Offset Voltage Inputs shorted to CT VOLT 
. Volt Load = Open Circuit 


Common-Mode Output Voltage Inputs shorted to CT VOLT 


Volt Load = Open Circuit 
Center Tap Voltage, CT VOLT 


DATA DETECTION CIRCUIT CHARACTERISTICS a ) 
_ Vin = 1.0V p-p diff. square wave, Tr, Tf < 20 nsec, dc-coupled (for biasing). 
RD = 2.5 KQ; CD = 0.1 uF; RTD = 7.8 KQ; CTD = 200 pF; RDP = 3.9 KQ; 


CDP = 100 pF. Data Pulse load = 2.5 KQ to VCC1 plus 20 pF or less to PWR GND. 


wom | wax [unre 
| Vp-p 


Small Signal lo=1mAp-p@100KHz _ 
Single-Ended Output Res 












Differentiator Maximum =—s|_—«Vin = 100 KHz sine wave, | 
Differential Input Voltage dc-coupled. <5% THD in 
. voltage across CD. 
CD = 620 pF RD =0 


Differentiator Input Impedance | Vin = 4V p-p diff., 100 KHz 
| | sine wave. CD = 620 pF 
RD =0 


Differentiator Threshold Vin = 100 KHz square wave, 300 mVp-p 
Differential Input Voltage Tr, Tf, 0.4 psec, no overshoot. : 
: Data Pulse from each 
Vin transition. 


Data Pulse Width Accuracy TDP = .59 RDP X CDP, 
oe RDP = .85 TDP 3.9 KQ to10 KQ, 
CDP = 75 pF to 300 pF. Width 
measured at 1.5V amplitude 
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SSI 35P550 
4-Channel Magnetic 
Tape Read Device 





DATA DETECTION CIRCUIT CHARACTERISTICS 


CHARACTERISTICS CONDITIONS 


Time Domain Filter TTD =0.59 RTD X CTD 
Delay Accuracy + 50 nsec, RTD = 3.9KQ 
. to 10 KQ, CTD =100pF 
to 750 pF Delay measured 
from 50% input amplitude to 
1.5V Data Pulse amplitude 


Data Pulse Width Width measure from 
Drift from + 25 °C value 1.5V amplitude 


Time Domain Filter Delay measured from 50% 
Delay Drift Input amplitude to 1.5V 
from +25 °C value Data Pulse amplitude 





Note: Differentiating network impedance should be chosen such that 1 mA peak current flows at maximum 
signal level and frequency. 





SIGNAL LEVEL DETECT CIRCUITS CHARACTERISTICS | 
Level Comparator Inputs connected in parallel with Differentiator Inputs. Vin (Level Comp) = 100 KHz 


sine wave, ac-coupled. RDS1 = 5 KQ; RDS2, CDS = open 
Vo pulse value <0.5V 


CHARACTERISTICS CONDITIONS | 
at MAX LIMIT, >VCC1 - 0.5V 


TO VTO=0.8V VT1 = 0.8V g 
138 a 202 
at MIN LIMIT a | 






















Level Comparator Input 70 
Thresholds, Single-Ended, 


Each Input 






at MIN LIMIT. 


VT0O = 2.0V VT1 =0.8V 
Vo pulse Value <0.5V 

at MAX LIMIT, >VCC1 - 0.5V 
at MIN LIMIT 


VTO = 0.8V VT1 = 2.0V 
Vo pulse value <0.5V 

at MAX LIMIT, >VCC1 - 0.5V 
at MIN LIMIT 


VTO = 2.0V VT1 = 2.0V 






153 

















at MAX LIMIT, >VCC1 - 0.5V 
Output Leakage | 


Vo pulse value < 0.5V 
Level Comparator Diff. Vin = 5 Vp-p @ 100 KHz 5 
Input Resistance 
Level Comparator Off Vo = VCCI i 
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SSI 35P550 
4-Channel Magnetic 
Tape Read Device 


SIGNAL LEVEL DETECT CIRCUITS CHARACTERISTICS (Continued) - | 


CHARACTERISTICS | CONDITIONS | | min | Nom | MAX | 
Level Comparator ON ~VT0=0.8VVT1=0.8V 60.25 V 
Output Voltage Vin = +140 mV diff. dc lo = 2.0 mA 
Delay Comparator Upper Vo > 2.4V .65VCC1 .75VCC1 V 
Threshold Voltage — : 
Delay Comparator Lower Vo <0.5V | .25VCC1 .35VCC1 V 
Threshold Voltage ; 
I dl Bak 
~ POSTAMPLIFIER CHARACTERISTICS 


— Output Load = 2.5 KO + 0.1 uF line-line, Vin = 100 mV p-p, 100 KHz sine wave, de-coupled (to provide 


- proper biasing). CG = 0.1 uF, RG =0. | | 
CHARACTERISTICS | CONDITIONS 7 | MIN, | MAX UNITS 
A7 - 13.25 dB 


Differential Voltage | AO VGO=0.8V VG1 =0.8V VG2 = 0.8V AT -14.75 | 































Delay Comparator |} OV <Vin< VCCI 
Input Current 





























Gain A1 VGO = 2.0V VG1 =.0.8V VG2 =0.8V | A7- 12.75 A7 - 11.25 dB 
A2 VG0 = 0.8V VG1 = 2.0V VG2=0.8V | A7- 10.75 A7 - 9.25 dB 
A3 VG0 = 2.0V VG1 = 2.0V VG2=0.8V | A7-8.75 A7 - 7.25 
A4 VGO0 = 0.8V VG1 =0.8V VG2=2.0V | A7-6.75 A7 - 5.25 


A5 VG0 = 2.0V VG1 = 0.8V VG2 = 2.0V 
A6 VGO0 = 0.8V VG1 = 2.0V VG2 = 2.0V 
A7 VGO = 2.0V VG1 = 2.0V VG2 = 2.0V 
ARG VGO0=2.0VVG1=2.0V | 
VG2 = 2.0V when RG = 2.5 KO 


Differential Input VGO0 = 2.0V VG1 = 2.0V VG2 = 2.0V 10 
Impedance aa 
Bandwidth, 1dB VGO=2.0VVG1=20VVG2=20v. | 15 | | MHz 
Bandwidth, 3dB VG0=2.0VVG1=20VVG2=20v | 30 | | 
Maximum Diff. VGO = 0.8V VG1 - 0.8V VG2 = 0:8V 
Output Voltage VIN = 100 KHz sine wave THD < 5% 

| Small Signal 
Single-Ended 


VGO = 2.0V VG1 = 2.0V VG2 = 2.0V 
Output Res 


VIN = OV lo = 1 mA p-p, 100 KHz 
Input Bias Offset — 
Voltage Range 


Input Bias 
Common-Mode 
Voltage Range 


A7 - 4.75 A7 - 3.25 






































VGO = 0.8V VG1 = 0.8V VG2 = 0.8V 
THD < 2.0% 


VGO0 = 0.8V VG1 = 0.8V VG2 = 0.8V 
THD < 2.0% 













0689 


SSI 35P550 
4-Channel Magnetic 
Tape Read Device 





PACKAGE PIN DESIGNATIONS THERMAL CHARACTERISTICS: 6ja 
(TOP VIEW) 7 


44-pin PLCC 60°C/W 











INO - 40 {JS * 
INO+[]2 39 []so B 5 

' + ' + 9 9 
oe ee IPRECUE: 2222225838 E 8 
IN1+|]4 37 | |] PREOUT + oo) od od) a) od) eo) er 

5 4 3 2 1 40 
IN2-[] 5 36 || G2 eet alte 










IN2 + |] 6 35 || PSTIN - 
IN3- | |8 38 | | PSTIN- 


IN3- [] 7 34 []PSTIN + 
INS+{] 8 33 [] GAIN2 IN3+ | |9 37 |] PSTIN+ 
CT VOLT {] 9 32 [| GAIN 1 CT VOLT []10 36 |] GAIN2 


voce []} 10 31 [| G1 wees 1143 tte 
AGND [|] 11 30 | |PSTOUT + 
AGND || 12 341] G1 
DEL IN [] 12 29 | |PSTOUT - 
SIGNAL DETECT [] 13 28 |] Go DELIN || 13 33 [] PSTOUTs 
DWP |} 14 27 [JLEV + SIGNAL DETECT [[]14 32 |] PSTOUT- 
TDF [Lj 15 26 [LEV - pwp []15 311] Go 






DATA PULSE [] 16 25 | |LEV OUT ToF [16 30 f] LEV+ 
DGND [| 17 24 {| DIF + 
Nc []}17 29 | | LEv- 
vcci [} 18 23 {| DIF - a 23 (24 26 
To [] 19 22 []CAP 2 Joe oe eta eae eee 
Ww Q - oO ae r N uw + oO 
Oo 2 OO F F 29 &@ SF H& D2 FS 
T1 {| 20 21 [|CAP 1 5 S 9 $ £5 6 cS 
< a 
<< 
a 
40-Pin DIP 44-Pin PLCC 





ORDERING INFORMATION 


PART DESCRIPTION ORDERNO. ~~ PKG.MARK 
| ssi 35P560 ee ee 
44-Pin PLCC SSI 35P550-CH 35P550-CH 


40-Pin DIP SSI 35P550-CP 35P550-CP 























No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third parties 
resulting from its use. No license is granted under any patents, patent rights or trademarks of SSi. SSi reserves the right to make changes 


in specifications at any time without notice. 
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Custom/Semicustom 
Sil s na a Capabilities 


SILICON SYSTEMS LEADS THE WAY DEVELOPING MIXED-SIGNAL 
CUSTOM/SEMICUSTOM PRODUCTS 


Silicon Systems is committed to leadership in the development of high-performance, mixed-signal 
custom/semicustom application-specific integrated circuits (ASICs). 


Silicon Systems offers innovative designs for digital, analog, and mixed analog/digital ICs; a 
versatile range of CMOS and bipolar processes; quick-turn design methodologies supported by 
advanced and integrated design automation tools; specialized manufacturing facilities; compre- 
hensive test, quality assurance, and prototype assembly programs; and, of course, greater than 
15 years of IC design experience. SSi’s efforts pay off by dramatically reducing the time (and cost) 
it takes to deliver the most optimized custom/semicustom ICs available. 


Whether a customer's application falls in SSi’s specialty areas of communications, microperipher- 
als, automotive, or other areas, SSi’s technical capabilities turn designs around faster and 
minimize a product’s time to market for the competitive advantage. 


WAFER 
FABRICATION 


DESIGN TEST & 
ENGINEERING ANALYSIS 


SERVICE & 


SUPPORT 
: COMPLETE ASIC 


- DEVELOPMENT AND 
PRODUCTION FROM SSI 


DISK DRIVES oe 
TELECOM 
AUTOMOTIVE 


READ/WRITE 
HEAD POSITIONING 
PULSE 


MODEMS 
TONE SIGNALING CUSTOM 


TELEPHONY/ SEMICUSTOM 
DETECTORS DIGITAL TELECOM 


DATA RECOVERY 
MOTOR CONTROL 
CONTROLLER 
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BROAD RANGE OF ANALOG AND DIGITAL DESIGN EXPERIENCE 


With abroad base of experience, systems knowledge, and applications expertise, SSi’s designers 
provide creative IC solutions in both CMOS and bipolar process technologies for analog, digital, 


and mixed-signal applications. 


In CMOS, SSi has designed sisital predicts ranging from FIFOs to complex hard-disk drive 
controllers: Combined analog/digital plosice range from cross-point switches to complete, 


single-chip 2400 BPS modems. 


In bipolar, SSi’s design expertise focuses on applications requiring high-speed ECL logic 
combined with high-performance analog circuitry. Bipolar products range from low-noise amps to 
very sophisticated data separators that employ patented phase locked loops. 


- TECHNIQUE 


CMOS Signal Processing 


Bipolar Signal Processing 


Digital CMOS 


Digital Bipolar 


APPLICATION 


For analog continuous time and 
sampled data (switched- . 
capacitor implementation) and 
Digital Signal Processing (DSP) 
applications. Low-power 
Capability also allows inclusion 
of ROMs, RAMs, and other 
analog/digital subsystems. 


For high-performance, low 
noise, wideband signal 
acquisition and processing 
applications. Offers TTL and/or 
ECL logic interfaces with high 
Current drive. 


For ASIC controllers, 
sequencers and data path 


applications with on-board ROM, 


RAM, and PLA sub-systems. 


| Offers standard TTL and/or 
_CMOS logic interfaces. 


High-speed logic and interface 
circuitry. Offers standard logic 
or custom interfaces. — 





SSi-DESIGNED EXAMPLES 


-K224 complete single-chip 
2400 BPS modem 


-C301 single-chip telephone 


headset amplifier 
-14.4 KBit modem 


| -Direct-broadcast satellite 


descrambler 
-Motor controllers 
-Hi-resolution analog data 


~ acquisition 


| -Sub 1 nV/YHz HDD R/W 


amplifiers 
-AGC, pulse detection amplifiers 
-High-speed data separators 
-Wideband transceivers 
-PLLs (Phase Locked Loops) 
-Optical signal processing 


-Hard disk drive controllers 
-SCSI interface controllers 
-UARTS 

-Protocol controllers 
-Digital signal processors 


-Encoders and decoders 
-High-speed digital transceivers 
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FULL ANALOG AND DIGITAL INTEGRATION ON THE SAME CHIP 


Silicon Systems leads its competition in the design of complete systems on a chip which combine 
complex analog and digital functions. The total system solution approach allows designers to 
satisfy their application, cost, and performance objectives. 


Custom mixed-signal Standard Bipolar mixed- Standard product single- 
Bipolar low-noise signal, high-performance chip 2400 BPS modem with 
read/write IC data separator switched capacitor filters 
and RISC DSP 





“DESIGN-FOR-TESTABILITY” AND TEST SUPPORT 


SSi employs design-for-testability methodologies, such as built-in test modes that allow direct 
testing of internal subsystems. SSi uses highly specialized equipment, test programs and test 
procedures for combined analog/digital designs to ensure delivery of high-quality product. To 
determine product reliability under extreme conditions, products are tested in-house by a wide 
variety of advanced analog or digital testers including: | 


¢ LTX (TS88/DX90) testers 
¢ Eagle (LSI-4) testers 
¢ Sentry 7 and Sentry 20 digital test systems 





These testers are supported by: 
¢ Automatic handlers (Trigon PLCC, Symtek SOIC, and MCT and Daymarc handlers) 


¢ Burn-in sockets, temperature chambers, Aehr burn-in ovens, and Highly Accelerated 
Stress Test (HAST) 
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CMOS TECHNOLOGIES... 


SSi’s state-of-the-art CMOS processes have allowed the company to become the leading supplier 
of systems-oriented, mixed analog/digital ASICs. 


The “CH” process features a unique source/drain structure for higher voltage (12—volt) applica- 
tions. Poly-poly capacitors support filtering and data conversion (A/D and D/A) applications. An 
epitaxial substrate provides latch-up protection for ASICs subject to adverse environments (such 
as motor control applications). And special poly resistors allow continuous time filters (for anti- 
aliasing functions) to be combined with sampled data, switched-capacitor filters, increasing the 
level of ASIC integration and lowering overall system manufacturing costs. 


CH CMOS PROCESS TRANSISTOR 


Polysilicon Nitrite 
a Passivation 
Thin 
Oxide Aluminum 
Interconnect 
Field . 
Oxide DDD 
| Source/Drain 
DDD cs : 
Source/Drain PWell 
(for NFETs) 


S/D Contacts 





CMOS PROCESS CHART 












TYPE/FEATURES PRODUCTION GATE DIGITAL ANALOG INTERCONNECT | APPLICATION 
SIZE LAYERS: PITCH VOLTAGE 
ene) (microns) 


Supports SSi 6600 rar Metal 1 (10.0) 
Family only Poly 1 (8.0) 
CE pom CMOS, Supports Controller Vos Yes 2.0 Yes Metal 1 (4.6) 
Fore ; | Metal 2 (6.0) 
Poly 1 (4.8) 
CD Silicon Gate CMOS, High Yes Yes Yes Yes Metal 1 (8.8) 12V 
ohms/square Poly Option, Epi . Poly 1 (5.8) 
Substrate Available © Poly 2 (6.4) 
CH Silicon Gate CMOS, Same Yes Yes Yes Yes Metal 1 (6.4) 12V 
Features as CD Plus Plasma (Dry) . Poly 1 (5.8) 
Metal Etch Poly 2 (6.4) 


Dual Poly, Dual Metal Silicon Gate Pa Yes Yes Metal 1 (5.0) 


Metal 2 (7.6) 
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Poly 1 (3.6) 
Poly 2 (5.0) 
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The “CG” process addresses 5-volt applications and features 1.5-micron gates and two layers of 
metal interconnect for high-performance digital circuitry, along with the dual poly layers required 
for analog circuitry. In addition to full-custom standard and customer-proprietary designs, both the 
“CH” and “CG” processes support a family of combined analog/digital CMOS arrays. 


AND BIPOLAR TECHNOLOGIES 


SSi’s leading analog/digital bipolar technology is “BK,” which supports the development of a wide 
variety of high-performance, combined analog/digital ASICs. In addition to full-custom standard 
and customer-proprietary designs, the “BK” process supports a family of advanced bipolar analog/ 
digital arrays. 


“BK” features a high-performance NPN (3 GHz Ft) with an operating capability of 12 BVceo. This 
process utilizes an advanced polysilicon emitter structure as well as base and collector plugs to 
reduce parasitic resistances for high-performance applications. Other key features include metal- 
nitride-poly capacitors, aluminum Schottky diodes, and improved lateral PNPs through the use of 
lighter doped epi. 


BK BIPOLAR PROCESS NPN TRANSISTOR 


Base Emitter Collector 


Advanced polysilicon emitter 
structure for high-performance 
PNs 


Up-junction isolation 


Base plug for reduced 
base resistance 





Collector plug for reduced 
collector resistance 





Lighter ee epi for improved 
lateral PNPs, higher NPN BVoe9, 


and lower junction capacitance 


Buried layer for reduced 
collector resistance 


BIPOLAR PROCESS CHART 


Emitter INTERCONNECT BV CEO 
SIZE LAYERS: PITCH it 
TYPE/FEATURES PRODUCTION (microns) | DIGITAL | ANALOG| NPNF Ty (microns) yore! 
BC "Standard" Cut Emitter Process Yes Yes Yes 1 GHZ Metal 7 (14.0) . 
Metal 2 (24.0) 
High-Performance Polysilicon Yes Yes Yes Yes 3 GHZ Metal 1 (9.0) 
Emitter Structure Metal 2 (14.0) 
BK Base and Collector Plugs, Yes Yes Yes Yes 3 GHZ Metal 1 (9.0) 
Improved Lateral PNPs Metal 2 (14.0) 
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ECR Aner ean METHODOLOG ¥—THE oe . ADVANTAGE 


Silicon eyceae has eas almost 10 years developing its integraise pesign Methodology (IDM™). 
IDM consists of an interlocking set of design methods supported by a single Computer-Aided 
Engineering (CAE) and Computer-Aided Design (CAD) system. As IDM supports analog and 
digital designs in any of SSi’s CMOS and bipolartechnologies, it offers the tremendous advantage 
of flexibility. 


COMPARE FULL-CUSTOM TO SEMICUSTOM DESIGN 
IDM is based on two major design approaches: full-custom and semicustom. 


Full-custom design is a “handcrafted” approach used to produce the most compact, high- 
performance design possible. Two approaches for full-custom physical design are possible: either 
composite or symbolic. In composite design, every process mask layer is drawn down to the 
process minimums. This yields the densest, highest-performance designs but is the most time- 
consuming approach. Symbolic design utilizes correct-by-construction, stick-like, process sym- 
bols, such as resistors, capacitors, and wires. Symbolic design is significantly more productive 
than composite and supports a higher level of circuit verification for greater design accuracy. 


Semicustom design is an “automated” approach used to produce the most timely and cost-efficient 
designs possible. Two approaches are possible: either automatically placed-and-routed library 
components, including standard cells, or prefabricated array components. 


SSi’s analog and digital standard cells are pre-characterized, library-maintained circuits that are 
automatically placed and routed to generate a layout. The automatic place-and-route software 
also utilizes macro cell assemblers to route full-custom circuitry. The standard cell approach 
requires minimal layout effort, leading to lower development cost and a higher first article success 
rate. 


SSi’s mixed-signal arrays are bipolar and CMOS families of integrated circuits which are ninety 
percent prefabricated. The base arrays utilize a three-tile, three-segment structure each of which 
is targeted for a specific design application, i.e., analog, digital, and reference. The three segments 
forming the array core are separated by interconnect “highways” capable of handling both analog 
and digital signal busses. The core, in turn, is enclosed by a periphery of predefined I/O functions. 


Array customization is achieved by the definition and interconnection of metal and poly-Si layers. 
SSi mixed-signal arrays provide a systems designer with fast prototype cycle times, lower 
integration costs, and the ability to migrate to either standard cell or custom nlegr avon with a 
minimum perturbation in design production. 
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CHOOSE THE OPTIMUM DESIGN APPROACH BASED ON TRADE-OFFS 


Each IDM design approach offers unique cost, time, and performance tradeoffs. 


CUSTOM/SEMICUSTOM TRADE - OFFS 


Composite Design | Symbolic Design Cell - Based Array - Based 
_ Design Design 


Cost (Non-Recurring Expense) 
Time (Schedule) 


Piece Price (Production Cost) 


Die Size (Silicon Area) 





NOTE: All comparisons are normalized to a composite-level design. 


MIX FULL-CUSTOM AND SEMICUSTOM DESIGN ON A SINGLE CHIP 


Due to the interlocking nature of SSi’s design approaches, full-custom and semicustom design can 
be mixed on the electrical and/or physical design of any given IC. 


Full - Custom 
Design 


Electrical Design (CAE) 


Physical Design (CAD) 













Cell - Based 
Design 
(Semicustom) 







Array - Based 
Design 
(Semicustom) 






Automatic 


P t 
Hand - Packed aa Array - Based 
Layout Semicust Layout 
(Full - Custom) eres ee (Semicustom) 


CONVERT SEMI-CUSTOM DESIGN INTO FULL-CUSTOM DESIGN 







With its unique integrated design automation system, SSican easily convert a semicustom design 
into full-custom circuitry. This capability allows SSi’s customers to reduce production costs by 
converting an area-inefficient semicustom design into a high-performance full-custom design. 
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SOPHISTICATED DESIGN AUTOMATION TOOLS 


The IDM™ design automation system, with proprietary and SSi-enhanced vendor software, 
addresses both the electrical and physical phases of design. 










Physical Design Human Interface 


Symbolic es CALMA 
piones DRCs and Soe TANCELL| ANITA | ECAD | Tape 
plotter RW 


Electrical Design Human Interface 
_ |PHSPICE/ 
HSPICE/ | siLos eM SWITCAP 
-FILSYN ED HSPLOT 


a ie 
a ie 
Value - added Mentor database 
’ Ethernet 
Apollo workstations 

















SSi - proprietary ALICE database 





SUES 





Chromatic Graphics terminal and 
VAX computer design stations 






FILSYN: Fitter circuit synthesizer CPA: Circuit path analyzer 

NETED/SYMED: Schematic editors SWITCAP: Switched-capacitor simulator 
PHSPICE: HSPICE pre-processor & = DOC: Document editor 

HSPICE: A/D circuit TANCELL: Automatic placer and router 

HSPLOT: HSPICE graphic plotter ANITA: Automated network intertrace algorithm 
SILOS: Logic and fault simulator ; ECAD: Design rules checks and pattern generation 
SIM: Digital logic simulator ALICE: Automated layout for IC engineering 


TSIM: Timing simulation preprocessor 


ELECTRICAL DESIGN 


Electrical design is done on Mentor Graphics/Apollo engineering workstations with SSi-enhanced 
software that provides schematic capture, simulation, synthesis, and documentation tools. This 
software is supported by libraries of pre- designed cells and components. Due to our integrated 
CAE environment, there is no distinction between any schematic capture, simulation, or synthesis 
capabilities for full- or semicustom design epPIonenee: 


ANALOG AND DIGITAL SIMULATION 


Simulation ensures that we meet the customer's performance specification before converting the 
design into silicon. Circuit simulation, an important key to SSi’s design methodology, allows us to 
accurately simulate the performance numbers of our technologies. For circuit simulation, we use 
Meta-Software’s HSPICE™ with a proprietary analog CMOS model that accurately predicts output 
impedance and other analog parameters over a wide range of operating conditions and device 
sizes. The HSPICE environment includes a fully hierarchical netlister, a preprocessor called 
PHSPICE, and a Meta-Software graphic plotter called HSPLOT™. For the analog simulation of 
switched capacitors, we use Columbia University’s SWITCAR™. 


For digital simulation, we use a proprietary version of SimuCad's SILOS™ that performs gate and 
switch-level, zero-delay, functional logic and fault simulation. To analyze delays with a timing- 
based logic simulation, we use a combination of TSIM™ eNeODEe on Mele Software’s Circuit 
Path Finder™) and SILOS. 
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DEVICE MODELING AND CHARACTERIZATION LABORATORY 


Highly-accurate circuit simulation models and parameters are developed in SSi’s state-of-the-art 
Device Modeling and Characterization (DMC) laboratory. With capabilities including precision AC 
measurement, RS1 statistical analysis, and worst-case modeling, the DMC lab provides complete 
device model data for our processes. 


PHYSICAL DESIGN 


Physical design is done on Chromatics Graphics terminal/VAX computer design stations. Our 
proprietary, VAX-based program called ALICE™ (Automated Layout for Integrated Circuit Engi- 
neering) with other SSi-enhanced vendor software is used for graphical editing, digitizing, design 
rules checking (DRC), circuit tracing, and pattern generation (PG). 


AUTOMATIC PLACE AND ROUTE SOFTWARE 


SSi’s cell-based automatic place-and-route capability, which is based on Tangent’s TANCELL™, 
performs physical design far more rapidly than can be done by hand. Extensive proprietary 
software, developed to complement TANCELL, supports hierarchical routing, parameter passing, 
library creation and maintenance, and CMOS switched-capacitor analog macro generation directly 
from full-custom design. A random-logic digital macro assembler is in development. This flexible 
place-and-route environment supports floorplanning, automatic chip construction, andthe mix and 
match of custom cells, standard cells, and compiled cells—all of which are used to reduce design 
development time. 


AUTOMATIC CIRCUIT TRACE AND VERIFICATION SOFTWARE 


Using a proprietary circuit-trace program called ANITA™, we compare the completed IC layout 
database automatically to the Mentor schematic database to ensure that the layout implementation 
matches the schematic design exactly. When this trace program is applied to CMOS and bipolar 
mixed analog/digital designs, it performs a more detailed trace than is available through commer- 
cial layout-versus-schematic (LVS) packages. ANITA allows SSi to aia reduce design 
errors and minimize the time to product introduction. | ) 


| DESIGN AUTOMATION BENEFITS 
The proprietary IDM Design Automation system gives Silicon Systems the flexibility to create 


increasingly complex ASIC designs for our customers while dramatically reducing design sched- 
ules, costs, and errors. 


9-9 





Custom/Semicustom 
Capabilities 





MANUFACTURING SUPPORTS BOTH CMOS AND BIPOLAR 
TECHNOLOGIES 


Silicon Systems is known in the ASIC industry for its commitment to producing standard and 
custom ASICs using a broad range of CMOS and bipolar piece technologies. | 


SSi continually invests in quality and capacity improvements to ensure that the company’s wafer 
fabrication, test, and assembly capabilities meet the latest manufacturing requirements. For 
special functional capabilities (i.e., increased speed, bandwidths, response times, etc.), SSi’s 4- 
inch wafer fabrication facilities use sophisticated process techniques Such as: _ | 


* Stepper and projection photolithography for high resolution. 
* Positive resist and dry plasma etch for smaller feature size and minimal undercutting. 


© Andhigh-currention implantation and automated sputtering, which are used to improve pro- 
| ductivity. | 


SSi can also meet a wide spectrum of assembly and packaging needs. Quick-turn, low-volume 
assembly for prototypes is done in SSi’s Tustin facility. High-volume production of plastic 
packages in any of DIP, Pee or sO configurations. is done in Silicon systems’ ‘Singapore 
Technology Center. 
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COMPUTER-AIDED MANUFACTURING WITH PROMIS ™ 
FOR RAPID DELIVERY OF RELIABLE ICs 


Committed to Computer-Aided Manufacturing (CAM), Silicon Systems has invested in extensive 
computer resources. To handle the vast amounts of data required for manufacturing, monitoring, 
and statistical process control, SSi uses the Process and Management Information System 
(PROMIS™). The PROMIS system: 


* manages inventory information, 

¢ tracks wafers in process, 

¢ monitors the clean room environment, and 

* performs statistical process control. 
PROMIS provides computer-controlled (i.e., paperless) facilities, which reduces sources of 
contamination in the wafer fab clean rooms. SSi’s wafer fab is a class “50” environment with class 
“10” work surfaces. Cleanliness is maintained through the service chase approach, which 


channels a minimum of 5 air exchanges per minute. 


PROMIS allows Silicon Systems to deliver reliable ICs rapidly, thus allowing customers to 
introduce products to the marketplace on schedule and within budget. 
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SSi WORKS WITH CUSTOMERS TO CREATE THE BEST IC SOLUTION 





SSi has three IC design centers located in Tustin, California: Grass Valley, California; and 
Singapore. An additional center in Silicon Valley will open by late 1988. Any of these design 
centers can accept a functional specification and complete the entire design task using either a full- 
custom or a cell-based approach. | 


CUSTOMER INTERFACE FOR FULL-CUSTOM AND CELL-BASED DESIGNS 


CUSTOMER ssi 
| 
Design 
Specifications ! 
and Requirements 





Initial Design Review 












‘Design Components 
« Schematic Capture 
¢ Simulation 

« Netlisting 













Final Design Review 


¢ Automatic Placing and 















| Routing or 
Hand-Packed Layout 

« Automatic Circuit 

Trace 


Final Layout Review 


Test Program Creation 
Photomask __ 
Wafer Fab 
Prototype (Assembly, 
Test, Ship) 





‘Evaluate Prototype” i 


Verify System Function — “a on Final Review: 


Release to Production 
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Or, acustomercan complete most of the design, using array technology, and utilize SSi’s expertise 
for physical layout. 


CUSTOMER INTERFACE FOR ARRAY-BASED DESIGNS 


CUSTOMER SSI 


IC and Test Specification 
Design Cell/Circuit 









Initial Design Review 






Review Cells, | 
as Required 
J 


: | 
Complete Design and ! 
Analysis ! 
| 
Final Design Review 















Interactive 


Schematics 
Physical Layout 


Database Tape 
Special Layout Information 
Test Specification 










Automatic Circuit 
Trace 












Final Layout Review 


Test Program Creation 
Photomask 
Wafer Fab 


Prototype 
(Assembly, Test, Ship) 







Evaluate Prototype 
__l 
Verify System Function 
Release to Production | 
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SECTION 1 


A MESSAGE FROM SILICON SYSTEMS’ 
PRESIDENT AND CEO 


Quality is the secret to long term success. It literally 
overshadows the short term emphasis on price, deliv- 
ery, or any other measure of performance. 


At Silicon Systems, we have based our quality philoso- 
phy on the development of a “state of mind” in each 


Quality Assurance 
and Reliability 








CARMELO J. SANTORO 
Chairman, President & CEO 


employee, related to job performance and to its reflec- 
tion in the overall level of aoe reliability of our 
product. 


You won't hear very many cliches about quality in our 
environment. But we do strive for “zero defects” for 
‘just in time service” and for “doing it right the first time.” 
We think constant reminders of tired phrases can serve 
more as an irritant than a stimulant. Our quality ethic 
is based on setting examples for others and by intuitive 
“high quality” job performance propogating the quality 
ethic throughout the organization to each employee. 


To be sure, we have programs related to quality and 
reliability. They are the subject of this section. We are 
dedicated to process control, overall product reliability 
and outstanding outgoing quality. Rapid analysis of 
failures and returns providing responsive service to our 
customers also generates quick solutions to our own 
problems. We believe that the high levels which we 
achieve in quality, reliability and service are directly at- 
tributable to belief in the basic tenets of quality within 
our corporate culture. 


RELIABILITY & 
QUALITY ASSURANCE 
VICE-PRESIDENT 


CONFIGURATION/ CORPORAT RELIABILITY FAILURE PROCESS 

DOCUMENT CONTROL QUALITY ASSU RANG E eee NS ANALYSIS CONTROL 

SUPERVISOR MANAGER MANAGER MANAGER 
Configuration/ Quality Engineering Reliability Engineering Failure Analysis Assembly/Test & Finish 


Document Control 


Specification Writing/ 
Word Processing 


Q.A. Corporate Audits 
Final Outgoing Inspection 


FIGURE 1: Organization Chart 


Reliability Laboratories 
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Process Control 


Wafer Fabrication 
Process Control 


Silicon’ a ems Singapore 
Process Control 
Silicon Systems Santa Cruz 
Process Control 


Engineering 
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1.1 INTRODUCTION 

Silicon Systems’ management philosophy is the manu- 
facture of a quality product consistent with company 
policy and customer requirements. It is the goal of the 
Quality Assurance and Reliability departments to 
ensure that these requirements are met. Included in 
this section is Silicon Systems’ ongoing program for 
controlling and i improving the quality of devices manu- 
factured. 


The data clearly illustrates that Silicon Systems is 
working diligently to maintain its position as a leader in 
the industry. The use of highly specialized equipment, 
test programs and test procedures allows us to deter- 
mine product reliability under extreme conditions. 


Quality is built into Silicon Systems’ parts from rigid 
incoming inspection of piece parts and materials to 
stringent outgoing quality verification. The assembly 
process flow iS encompassed by an elaborate sysiem 
of test and inspection gates and in-line monitors. 
These gates and monitors ensure a step-by-step 
adherence to prescribed procedure. 


In addition Silicon Systems is also incorporating statis- 
tical process control into our manufacturing opera- 
tions. This approach of studying and improving the 
quality of processes and reduction of variation in prod- 
ucts and services by the use of statistical problem 
solving techniques, analytical controls and quantitative 
methods ensures that Silicon Systems' products main- 
tain a high level of quality and reliability. Our quality 
organization is committed to working closely with you 
to provide continuously improved incoming quality 
levels. — 


1.2. QUALITY ASSURANCE AND RELIABILITY 


The quality of a semiconductor device is defined by its 


conformance to specification; the reliability of a semi- 
conductor device is defined by how well it continues to 
conform to specification over time while under stress. 
This relationship between quality and reliability re- 
quires a program that encompasses both. Included in 
this section are outlines of our process control program 
and our PPM (part-per-million) program. These pro- 
grams assure conformance to specification throughout 
the manufacturing process. 


1.2.1 ORGANIZATION PHILOSOPHY 


To facilitate the close cooperation and coordinating 


required of the Quality and Reliability functions, a 
combined organization has been established. This 
organization must have access to and support from the 
top of the organization. The R&QA organization is 
shown in Figure 1. 
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SECTION 2: QUALITY ASSURANCE 
2.1 QUALITY PROGRAM 


Quality Assurance has the ultimate responsibility for 
the reliable performance of our products. This is 
accomplished through the administration of formal 
systems which assure that our products meet the 
requirements of customer purchase orders and speci- 
fications for design, from raw material through finished 
product. 


Quality Assurance supports formal qualifications of 
suppliers, material, processes, and products; admini- 
stration of system and production monitors to assure 
that our products do meet the desired specifications; 

and the liaison between Silicon Systems and the cus- 
tomer for all product-related problems. : 


It is the practice of Silicon Systems to have the Quality 
and Reliability Program encompass all of its activities, 
starting with a strong commitment of support for the 
program from the corporate level. and continuing with 
customer support after the product has been shipped. 


Silicon Systems firmly believes that quality must be 
“built into” all of its products by ensuring that employ- 
ees are trained in the quality philosophy of the com- 
pany. Some of the features built into Silicon Systems 
Quality Program include: 


1. Structured training programs directed at Wa- 
fer Fabrication, Test, and Process Control 


| personnel. 

2. Stringent in-process inspection, gates and 
monitors. 

3. Total evaluation of designs, materials, and | 
processing procedu res. 

4. Stringent electrical testing (1 00% and QA AQL 
testing). 

5. Ongoing reliability monitors and process veri- 
fications. — 

6. Real time use of statistical process control 

~ methodology. 

7. Corporate level audits of manufacturing, sub- 


contractors, and suppliers. 


These structured quality methods result in products 
which deliver superior performance in the field. 


2.2 PROCESS CONTROL 


Silicon Systems’ process control program is designed 
to provide continuous visibility of the performance of 
manufacturing processes and ensure that corrective 
action is taken before problems develop. The principal 
areas of process control which assess the quality of 


processed product against quality standards are in- 
coming materials inspection and process control 
monitoring. 


2.2.1 INCOMING INSPECTIONS 


Incoming inspection plays a very important role in 
Silicon Systems’ quality program. Small deviations 
from material specifications can transverse the entire 
production cycle before being detected by outgoing 
quality control. By paying strict attention to quality at 
this early stage, the possibility of failures occurring 
further down the line is greatly minimized. 


2.2.2 IN-PROCESS INSPECTIONS 


Every major manufacturing setup is followed by an 
appropriate in-process quality control inspection gate. 
Silicon Systems has established inspection gates in 
areas such as Wafer Fabrication, Wafer Probe, As- 
sembly, And Final Test areas. 


In addition to these established gates, Silicon Systems 
also has established monitors during various stages in 
the manufacturing process. Itis this built-in quality that 
ensures failure-free shipment of Silicon Systems’ prod- 
ucts. 


Quality control monitors have been placed though-out 
the manufacturing flow, so that data may be collected 
and analyzed to verify the results of intermediate 
manufacturing steps. This data is used to determine 
quality trends or long term changes in the quality of 
specific operations. A general description of the 
product flow and QC inspection points are shown in 
Figure 2. 


2.3 PPMPROGRAM 


The main purpose of employing a PPM program is to 
eliminate defects. The action portion of this program is 
accomplished in three stages: 


1. Identify all defects by failure mode. 


2. Identify defect causes and initiate corrective 
action. | 


3. Measure results and set improved goals. 


The data generated from an established PPM program 
is statistically compiled as a ratio of units rejected/ 
tested. This ratio is then expressed in terms of parts 
per million (PPM) with a confidence limit attached. The 
eventual reported PPM result therefore allows proper 
significance to be attached to every defect found. The 
final aim or goal is to achieve and maintain zero 
defects. 


Quality Assurance 
and Reliability 





Based on significantly large volumes of PPM data and 
an established five-year strategic plan identifying in- 
dustry-wide competitive PPM goals, Silicon Systems 
has progressively achieved excellent quality stan- 
dards and will continue to measure the result and 
therefore improve on PPM standards as set by the 
industry. | | 







Wafer Fab Final Lot Acceptance 


Wafer Probe 






Wafer Probe Monitor 







Probe Gate 
Prep for Assembly 
Ship to Assembly 


Assembly 








Assembly Gates & Monitors 


Receive from Assembly | 
DPA, Mark Perm. & Solderability Monitors 


Assembly Gate 






Final Test 
AQL Sample 


| | Manufacturing | 


€ Process Control Gates 





Test Gate 
Finished Goods 
Pack and Ship Gate ras Process Control Monitor 
Ship to Customer <> Quality Mesusten 

Final Outgoing Inspection 


FIGURE 2 
Process Control Gates and Monitors 
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2.4 COMPUTER AIDED MANUFACTURING 
CONTROL 


Computer Aided Manufacturing (CAM) requires the 
identification, control, collection and dissemination of 
vast amounts of data for logistics control. Silicon 
Systems used this type of computerized system for 
statistical process control and manufacturing 
monitoring. PROMIS (Process Management and In- 
formation Systems) displays document control-re- 
leased recipes, processes, and procedures, tracks 
work-in-process, contains accurate inventory informa- 
tion, allows continuous recording of facilities, data, 
contains performance analysis capabilities, and much 
more. PROMIS allows for a paperless facility, which 
assists in keeping contamination out of the wafer fab 
clean room. 


The configuration of EnOMs has been tailored to 
meet the requirements of Silicon Systems. 


SECTION 3: RELIABILITY 
3.1. RELIABILITY PROGRAM 


Silicon Systems has defined various programs that will 
continuously characterize product reliability levels. 
These programs are categorically described as: 


1. Qualifications 
Production monitors 
Evaluations 

Failure analysis 


Data collection and presentation for | 
improvement projects 


Ae a code 


3.2 QUALIFICATIONS 


The application of this program ensures that all new 
product designs, processes, and packaging meet the 
absolute maximum rated design and worst case end 
use criteria. The large database generated by means 
of the accelerated stress testing result in a maximum 
- confidence for determining the final use in the produc- 
tion environment. 


3.3. PRODUCTION MONITORS 


This program has been established to randomly select 
from production a statistically significant sample and 
subject it to the maximum stress test levels to deter- 
mine useful life of the product in a field use environ- 
ment. 


This section shows reliability methods that are in use at 
Silicon Systems. The importance of production moni- 
tors at Silicon Systems does, in effect assure continued 
reliability. 
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3.4 EVALUATIONS 


The evaluation program at Silicon System is an ongo- 
ing program that will continue defining standards which 
cover the reliability assessment of the circuit portion, 
process parameters, and packaging of a new product. 
This program continuously provides performance 
characteristics of the products that are part of the 
improvement projects at Silicon Systems. 


3.5 FAILURE ANALYSIS 


The failure analysis program is an integral part of the 
Reliability Department at Silicon Systems. Being. 
aware of the low defect density requirements in the 
industry along with the needed competitive edge, Sili- 
con Systems has formed a highly technical and sophis- 
ticated failure analysis laboratory. This laboratory 
provides visual analysis, electrical reject mode analy- 
sis, and both destructive and non-destructive data to 
aid the engineers in their corrective action for improve- 
ment programs, and to help our customers implement 
improved field use design. This may include metallur- 
gical, optical, chemical, electrical and SEM. with X-ray 
dispersive analysis as needed. 


Conclusively, this in-house testing and analysis allows 
Silicon Systems to monitor all aspects of manufactur- 
ing to ensure that a product of highest cea is shipped 
to our Customers. 


3.6 _ DATA COLLECTION & PRESENTATION 
FOR IMPROVEMENT PROJECTS 


Data is collected from each of the above programs and 
summarized for ease of understanding among all 
engineering disciplines in the company. This data 
facilitates improvement and provides our customers an 
opportunity to review our product performance. 


3.7 RELIABILITY METHODS 


The Reliability Program utilizes various stress tests 
that are presently being used to define performance 
levels of our products. Many of these stress test are per 
MIL-STD. 883C as shown in Table 3. 
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TEST CONDITIONS PURPOSE OF EVALUATION 
Biased temperature/humidity 85°C/85° 9% RH Resistance to high humidity with bias 










High temperature operating life (HTOL) | Mil 883C, Method 1005 Resistance to electrical and thermal stress 
Highly accelerated stress test (HAST) SSi Method 







121°C/15PSI Resistance to high humidit 


Temperature cycling _ 





| Thermal shock 











Mil 883C, Method 2002 
Mil 883C, Method 2003 
SSi Method 
Mil Sid 8890, Method 1014 


TABLE 3: Reliability Stress Tests 


Mil 883C, Method 1010 Resistance to thermal excursion (air 


3.8 RELIABILITY PREDICTION SECTION 4: ELECTROSTATIC DISCHARGE 
METHODOLOGY PROGRAM 


It has been known in reliability engineering principles 4.1 ESD PREVENTION 

that the failure rate of a group of devices asa function — Silicon Systems recognizes that procedures for the 
of time will follow a life curve as shown below: protection of Electrostatic Discharge (ESD) sensitive 
The bathtub curve above, implies that the useful life of | devices fromdamage by electrical transients and static 
the product extends until some basic design limitation _ electricity must be incorporated throughout all opera- 
is experience. At SSi the Arrhenius model is used to _— tions which come in contact with these devices. 
extrapolate a failure rate at an accelerated tempera- _—_ Silicon Systems’ quality program incorporates various 
ture test condition to a normal use temperature condi- _ protection measures for the control of ESD. Some of 
tion. these preventive measures include handling of parts at 
The model basically states R = Ae-Ea/KT static safe-guarded workstations; the wearing of wrist 
straps during all handling operation; the use of conduc- 


where R = Reaction rate tive lab coats in all test areas and areas which handle 
A = Constant parts; and the packaging of components in conductive 
Ea= Activation energy (eV) and anti-static containers. 
K = Boltzmann’s constant 8.63 x 10° eV/°K 
T = Absolute temperature (°K) 
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silicon Systems 
_ Packaging Index 





| DUAL-IN-LINE PACKAGE (DIP) PAGENO. | 
| —— Plastic % 8,14, 16&18 | 









| (22, 24 & 28 |. 41-10 
SURFACE MOUNTED DEVICES (SMD) | 


PLCC (Quad) 28, 32 & 44 11-14 





Ceramic 


















7 52 & 68 14-12 
Quad (Fine Pitch) 52 & 100 11-13 | 
~ Small Outline (SOIC) 8, 14 & 16 SON" | 







16, 18, 20, 24 & 28 SOL™ 11-15 
34 & 36 SOL™ | 11-16 
32 SOW*** ay ihe 11-16 


10, 24, 28&32 11-17 















Flatpack 
*SON is a 150 mil width package. 


**SOL is a 300 mil width package. 
— *™*SOW is a 400 mil width package. 
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Silicon Systems 
Packaging Matrix 





Package Type 
Plastic DIP 
Side Braze 
Small Outline 
Chip Carrier 
Plastic Quad 
Ceramic Quad 
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MICROPERIPHERAL PRODUCTS PACKAGE TYPES 


DEVICE TYPE > PACKAGE TYPE 















Small 
| oe as oe lastic. . | . Flatpack PLCC Outline 
——————————————EE 
of ta 
7 ase (nese (aie nan ee REO 
[.ssisecasea | tot 
jssisecsss ft 
[ssisepsst | te tw 
pssisapssat | 
|_Ssi 32D5322 7 Bes ee SOR ies ae ee See: 
[ssisapss4a | ww 
pssiseoss5 tec 
NN See 
| SS1S20536 = Be 
| ssisep5362_ ae re i ee ee eee, 
ssis2p537,_ a: ee ei 
pssisep4asc0 | te 
pssiszHtoraioiza | tN 
-seispimonyee fg fg 
|SSis2He23R | wn | 
SSIS2H566R as ee ee ee 
[ssiszHse7 | | tw 
a ——————————— 
[ssiszd4s30 | 00 
en ee eee ee eee 
-Sssenezoa | fg fa 
ae cai ai See 
ee 
pssisamset tte tm 
ssisems3 | | me 
jssisemsg | Pm 
sssiszamsos | me 
|ssisepaszeo | ws | | tt 
pssisapsao | tet 
ssisepsay | etme 
sssiseps41a | tk | ts 
pssisaps41B | et tm 
fssivopsae | TCS 


(Continued) 


MICROPERIPHERAL PRODUCTS PACKAGE TYPES (Cont.) 








SS132R114 i i aa 
SSI 32R115-2 aa een Ee 
SSI 32R115-4 nes aS 
SS132R115-5 
SSI 32R117/117R-2 a ee ee 
SSI 32R117/117R-4 
SSI 32R117/117R-6 
SSI 32R117A/117AR-2 a ee ee 
SSI 32R117A/117AR-4 a ee ee 
SSI 32R117A/117AR-6 
SSI 32R122 ae ee 
SSI 32R188 ee eee ee 
SSI 32R501/501R-4 is enmara 
|e 


DEVICE TYPE PACKAGE TYPE 
hall 
Plastic Flatpack PLCC 

pssisepsaa ft 
sssiszepsg6 | | saw 
pssisapsq7— | ae ee 
SSUGER SIG cs el aes ee ee 
|ssisepse200 fT ee ee: 
pssisenioac | le 
sssiseniocch = | Tt eee 
‘[ssisentoaccm | 
pssisantog | tT le eee 
|Ssis2Rii4 
| SSIS2R15-2 0 
|SS132R115-4 
PSSISQRN5-5 
|SSIS2R17/117R-2 


© 
Mh 
(oe) 
— 


we) Nh on 
© NO {PM 


PO 
ff 
: 


SS!1 32R501/501 R-6 


|_SSI32R501/501R-8 
SSIS2R510N510AR-2 | 18 | 
SSI 32R510A/510AR-4 


SSI 32R510A/510AR-6 


SS132R511/511R-4 at: es 


SSI 32R511/511R-6 


SSI 30R5115118-8 22W 


N 
MN 
©O 
; 


No 
© 
: 


SSI 32R511M/511RM-6 


SSI 32R511M/511RM-8 32W 


ieee eel 
SSI32R51115111R-6 | 8 
SSI 32R5111/5111R-8 a ie) ae 4 32W, 34L 


SSI 32R5111/5111R-4 





32W, 34L 


SSI 32R5111M/5111RM-6 
SSI 32R5111M/5111RM-8 
SSI 32R512/512R-8 


© 
re} 
=| 
=. 
5 
ras 
© 
2: 
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MICROPERIPHERAL PRODUCTS PACKAGE TYPES (Cont.) 





PACKAGE TYPE 







|} DEVICE TYPE 










SSI 32R512/512R-9 

| SSI 32R512M/512RM-8 

SSI 32R512M/512RM-9 

| SSI 32R514/514R-2 
SSI 32R514/514R-4 

| SSI32R514/514R-6 _ 
SSI 32R515/515R-9 | 

| SSI 32R515/515R-10 

| SSI 32R515M/515RM-9 

SSI 32R516/516R-4 


SSI 32R516/516R-6 
SSI 32R516/516R-8 
| SSI 32R516M/516RM-6 


| SSI 32R516M/516RM-8 
SSI 32R520/520R 

SSI 32R521/521R 
SSI 32R5211 
SSI 32R522/522R-4 
SSI 32R522/522R-6 
SSI 32R524R/524RM 
SSI 32R525R 

SSI 32R527/527R-8 
SSI 32R527M/527RM-9 
SSI 32R528/528R-8 

| SSI 32R529-8 | 
SSI 32R529-9_ 
SSI 32R1200-2 

| SSI 32R1200-4 


SSI 34B580_ 


= 34R575-4 
SSI 35P550 


7 ash 

7) 

oas 
NT 
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S-tb 






(R) = REQUIRED 
(O) = OPTIONAL 












































































































PRODUCT CATEGORY (R) DEVICE TYPE (R) RELEASE LEVEL (0) NUMBER PACKAGE TYPE (R) 
3 OR 4 DIGITS abate ee C  SIDE-BRAZED CERAMIC 

HDD INTERFACE stibinistentanteeaen tonite Wbiadaba ie a D CERAMIC DIP 
32C HDD CONTROLLER eee F FLAT PACK 
32D HDD DATA RECOVERY H PLCC 
32H HDD HEAD POSITIONING P PLASTIC DIP 
32M HDD MOTOR SPEED CONTROLLER . T METAL CAN 
32P HDD PULSE DETECTION MODIFIERS (0) S PLASTIC, SKINNY DIP 
32R HDD READAWRITE AMP BURN - IN (168 HOURS) ed N SMALL OUTLINE, NARROW 
348. FDD INTERFACE BURN - IN (48 HOURS) (150 MIL.) 
34D FDD DATA RECOVERY LU LOW NOISE BURN. IN (168 HOURS) L SMALL OUTLINE, LARGE 
34P  FDD PULSE DETECTION (300 MIL.) 








L LOW POWER 
LN LOW NOISE 
LQ LOW NOISE, RESISTOR, MIRROR IMAGE 
LR LOW NOISE, RESISTOR 

M MIRROR IMAGE 

Ss SERIAL VERSION 

SL LOW POWER SERIAL 

R DAMPING RESISTOR 

RM RESISTOR, MIRROR IMAGE 

ON - CHIP UART 


34R FDD READWRITE AMP 

35P TAPE DRIVE PULSE DETECTION 
73D MODEM DEVICE SET 

73K K-SERIES MODEM 

73M MODEM/MODEM SUPPORT 

75T TONE SIGNALING 
78P DIGITAL TELECOM 
ANALOG TELECOM 






W SMALL OUTLINE, WIDE 
(400 MIL.) 





















TEMPERATURE RANGE (0) 


C COMMERCIAL (0 °C to +70 °C) 
| INDUSTRIAL (-40 °C to +85 °C) 
M MILITARY (-55 °C to 125 °C) 
























CANNOT USE A THROUGH E IN LEFT POSITION 
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Package Information 








.260 (6.604) 
a 240 (6.096) 
PIN NO. 1 
IDENT. 
.400 (10.160) 
“350 (9.980) 
,050 (1.270) 
aa 508) 


215 (5.461) 

145 (3.680) 

.150 (3.810) 

"125 (3.175) 
Sa — .100 TYP. (2.540) 

— 


015 (0.381) 
023 (0.584) 


8-Pin Plastic 





.260 “SOLE ONE 604) 


are 


PIN NO. 1 
IDENT. 






.770 (19.558) 
.745 (18.923) 


“IDE Bey eo ee eee 
PARA 


150 (3.810) 
eee af : 
-~ Le 1007 .100 TYP, (2.540) 


.015 (0.381) 
023 (0.584) 


070 (1.778) 
015 (0.381) 








(Plastic DIP). 


.310 (7.874) 
"285 (7.239) 


0-15° 


.310 (7.874) 
"BBS (7.239) 





.200 (5.080) 
7140 (3.556) 
.150 (3.810) 
"125 (3.175) 








.260 (6.604) 
240 (6.096) 
PIN NO. 1 
IDENT. 
.770 (19.558) 
745 (18.923) 
070 (1.778) 
015 | 381) 





.100 TYP. (2.540) 
2015 (0.381) 
023 (0.584) 


14-Pin Plastic 


16-Pin Plastic 

















260 (6.604) 
240 (6.096) 
PIN NO. 4 
IDENT. 
930 (23.622) 
B80 (22.352) 
070 (1.778) 
020 (0,508) 
200(5.080) fo peg es ee er er es ed 
140 (3.556) { 
150 (3.810) | 
125 (3.175) 


- be 00 100 TYP. - 540) 


015 (0.381) 
023 (0.584) 





18-Pin Plastic 


Package Information 
(Plastic DIP) 





270 (6.858) * 
.260 (6.604) 
DINOS “240 (6.006) 
IDENT. 







1.040 (26.416) 
1.010 (25.654) 





20 Pin Plastic 
070 (1.778) *24S Pin Plastic 


020 (0.508) 
* 015 (0,381) 
.200 (5.080) 
.140 (3.556) ie 
* .135 (3.429) 
* 440 
.140 (3.556) _.150 (3.810) 
"120 (3.048) 7125 (3.175) 310 (7.874) 


285 (7.239) 
tf 100 TYP, (2.540) 
0-15° 
015 (0.381) 


* 4.495 (30.353) 
1.175 (29.845) 





023 (0.584) 





ioe. ee 














1360 (9.144) 
330 (8.382) 
PIN NO. 1 
IDENT. 
1.100 (27.940) 
1.080 (27.432) I i 
22-Pin Plastic 
065 (1.651) 
020 (0.508) 
200 (5.080) 
140 (3.556) 
“160 (4.064) ' 
"120 (3.048) 
410 (10.414) 
“B80 (9.652) 
0 TYP. (2.540) 
0-15° 
015 (0.381) 
023 (0.584) 
.580 (14.732) 
515 (13.081) 
PIN NO. 4 
IDENT. 
1.290 (32.766) 
F 30. i i 
1.200 (30.480) 24-Pin Plastic 
.065 (1.651) 
015 (0.381) 
.200 A756 ! 
-165 (4.190 
.160 (4.064) ‘ 
125 (3.175) 610 (15.494) 
le 100 TYP. (2.540) eee 


0-15° 





.015 (0.381) 
= "023 (0.584) 
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(Plastic DIP) 





560 (14.224) 
530 (13.462) 


PIN NO. 1 
IDENT. 


1.450 (36.830) 


750 (SE OES} 28-Pin Plastic 





065 (1.651) 
015 (0.381) 


a 610 (15.494) 
| | 585 (14.859) 
.100 TYP. (2.540) 
015 (0.381) 
023 (0.564) 


220 (5.588) 
165 (4.190) 








.160 (4.064) 
7125 (3.175) 








560 (14.224) 
530 (13.462) 

PIN NO. 1 

IDENT. 





Nee al 


.065 (1 651) 
015 (0.381) 381) 
.220 (5.588) 
65 (4.197) 
160 (4.064) 
125 G.175) 7 
610 (15.494) 
bs TYP, (2.540) 585 (14.859) 
.015 (0.381) 
7023 (0.584) 


560 (14.224) 
7530 (13.462) 
PIN NO. 1 
IDENT. 


2.070 (52.578) 


2.020 (51.308) 40-Pin Plastic 











065 (1.651 


7 
.220 (5.588) 
eS (TST) 
.160 160, (4.068). 064) 
25 (S75) 


aa 100 TYP. (2.540) 
015 (0.381) 


.610 (15.494) 
1585 (14.859) 





023 (0.584) 


Package Information 
(Cerdip) 






























(825 (8.255) 325 (8.255) 
290 (7.366) 290 (7.366) 0.332 (8.433) 
PIN NO. 1 PIN NO. 4 0.280 (7.112) 
IDENT. IDENT. 
0.550 (13.970) 0.325 (8.255) 
0.380 (9.652) 0.290 (7.366) 
0.020 0.020 
i 0.175 (4.445) 
| 0.105 (2.667) 
} 0.175 (4.445) 0.012 (0.305) 
0.125 (3.175) 0.008 (0.293) 
0.125 100 TYP 
0.030 ease 
0.038 (0.965) 0.125 (3.175) 
0.100 TYP MIN 0.030 (2.473) 


8-Pin Cerdip 14-Pin Cerdip 





.260 (6.604) 
"240 (6.096) 

PIN NO. 1 

IDENT. 










0.332 (8.433) 
0.280 (7.112) 


0.830 (21.082) 


0.770 (19.558) 







0.925 (8.255) 
0.290 (7.366) 


16-Pin Cerdip 











0.020 
0.175 (4.445) 
0.105 (2.667) 






0.021 (0.533) 
0.015 (0.381) 


0.175 (4.445) 
0.125 (3.175) 


sae fate |e 











0.030 (0.965) 0.125 (3.175) 0-15° 
MIN 0.030 (2.413) _ 
.325 (8.255) 
"290 (7.366) 
PIN NO. 1 
IDENT. 
0.930 (23.622) MAX 
18-Pin Cerdip 
0.020 
0.175 
0.105 
‘ 0.175 
0.125 
100 TYP. ea) ra —p “ | a 
0.060 0.021 al 











Package Information 
(Cerdip) — 
















0.432 (10.973) 
MAX 


PIN NO. 1 
IDENT. 


22-Pin Cerdip 


0.420 (10.668) 
MAX 


1.120 (28.448) MAX | 





0.010 (0.254) al 
0.060 (1.524) 
0.015 (0.508) ! 

100 TYP. 540) — ~ | 


0.060 (1.524) 0.023 (0.584) 0-15° 
0.038 (0.965) 0.015 (0.381) 








0.175 (4.445) 
0.090 (2.286) 





0.023 (0.584) 


0.015 (0.381) 


0.175 (4.445) 
0.125 (3.175) 








0.632 (16.053) 
MAX 


PINNO. 1___ 
IDENT. 


1.220 (30.998) MAX 


24-Pin Cerdip 


0.625 (15.875) 
MAX 





0.010 (0.254) MIN 


0.070 (1.778) iH 
0.020 (0.508) A 











0.190 (4.826) 
0.085 (2.159) 


0.023 (0.584) 
0.015 (0.381) 


0.175 (4.445) 
0.125 (3.175) 





| - 
ae ! 


A00 TYP. 0.060 (1.524) 0.023 (0.584) 


(2.540) .038(0.965) 0.015(0.381) or 












0.632 (16.053) 
MAX 
PINNO.1 | 
IDENT. 


1.430 (36.322) MAX 


28-Pin Cerdip 


0.625 (15.875) 
MAX 





0.190 (4.826) 
0.085 (2.159) 


0.190 (4.826) t 


6.085 (2.159) 7 





0.175 (4.445) 
0.125 (3.175) 


0.023 (0.584) 
0.015 (0.381) 








|| } 


AQOTYP, 0.060(1.524) 0.023 (0.584) - 
(2.540) 0.038(0.965) 0.015 (0.381) i a 
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Package Information 
PLCC (Quad) 





.495 (12.573) 
485 (12.319) O75 (1.905) 


065 (1.651) ia 


PIN NO. 1 IDENT. COATT Ty) i 
456 (11.650), i) ee 050'(1.270) 045 (1.140) 
“450 (11.430) ".020 (0.508) - 
-.016 (0.406) _ 
“020 (0.508) 
390 (9.906) 
"430 (10.922) — 


— 28-Pin Quad 
PLCC 





.495 (12.573) 
485 (12.319) 





.456 (11.650) 
.450 (11.430) 





453 (11.51) 
“449 (11.40) 023 


PIN NO. 1 | 








.140 (3.56) 
123 (3.12) 
.045 (1.140) 
-095 (2.41) .020 (0.508) 
.078 (1.98) 
595 (15.11) 553 (14.05) 
585 (14.86) 549 (13.94) 


.300 REF (7.62 REF) /.400 REF (10.16 REF) 





.430 (10.92) /530 (13.46) 
“390 (9.91) / .490 (12.45) 


ack en eee ae ere 32-Pin Quad 
aes PLCC 









.695 (17.655) 


.685 (17.399) .075 (1.905) 


065 (1.651) | 


180 (4.572) ae a 
165 a 
a es .050 (1.270) as aibh 
.016 (0.406) .020 (0.508) 
020 (0.508) 


656 (16.662) 
650 (16.510) = — 





£695 (17.655) 
685 (17.399) 





44-Pin Quad 


656 (16.662) 


“650 (16.510) PLCC 
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Package Information 
PLCC (Quad) 





.785 (19.939) 
.795 (20.193) ae ( 208) 


PIN NO. 1 | 


Leal 


750 (19.050) | ee COOTENE o 045 (1.140) 
756 (19.202) 020 (0.508) 
016 (0.406) 
; 020 (0.508) 
690 (17.272) 
730 (18.542) 


52-Pin Quad PLCC 


.785 (19.939) 
795 (20.193) 





.750 (19.050) 
756 (19.202) 









.985 (25.019) 
—_—_—_—____—__ 
075 (1.905) 


995 (25.273) 
1065 (1.651) 






bas .050 TYP (1.270) Boss 


985 (25.019) .950 (24.130) 


995 (25.273) 958 (24.333) syeleuba 020 (0.508) 
020 (0.508) 
.890 (22.606) 


930 (23.622) 


950 (24.130) 
958 (24.333) 


68-Pin Quad PLCC 
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Package Information 
Quad (Fine Pitch) 





030 (0.76) 






52-Lead Quad Fine Pitch 





014 (.38) A i cea 


018 (.46) 
LI 


026 (0.68) TYP. a 





379 (9.630) 
3399 (10.130) 
.076 (1.93) 
(084 (2.13) ee 
+ © 


.006 (.15) h | ,028 {.70) 
012 (.30) 035 (.90) 
542 (13.77) | 














552 (14.03) 




















SS Pi. nt TUBE TATE 
cal simmar on 
= — = 
— = = 
— o12(30) 4 aa = 
no 4 .016 (.40) hie 1 
i= — —=  100-Lead Quad Fine Pitch 
Tee Or Cn 
cr i rT 
= = = 
936 (23.77) ct] 772 (19.62) oO oO 
046 (24.03) i "792 (20.12) Lica PH 
i i mazar lh 
siemens i ee 
= = = 
ea 026 (.65) TYP a —= rr 
ie 3 PL 
Ti oe Ol ala 
od Ee rT 
1 OL] rn 
cr OL CI) 
i 4 = 
i TT rh 
| CS 
| UU 













536 (13.62) 
7556 (14.12) 








028 (.70) 
035 (.90) 





102 (2.6) 
110 (2.8) 





degrees 


yy LH EH HH 
006 (.15) j 004 (.10) 
012 (30) 008 (.20) 
700 (17.77) 


710 (18.03) 
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Package Information 
(SON) > 





+ - .050 TYP. (1.270) 


GERRRRE 
+ 











.160 (4.064) 
.150 (3.810) | 
ee 8-Pin SON 
——__—_ 

BEVEL e i E | 

.200 (5.080) .245 (6.223) 

.185 (4.699) .230 (5.842) 

4.010 (0.254) 


.070 (1.778) “003 (0.076) 
“060 (1.524) a 


185 (4.699) 
170 (4.318) 








~ - .050 TYP. (1.270) 


159 (4.04) 
“149 (3.78) | ) ' 

PIN NO.1 y | 14-Pin SON 

BEVEL 





0.200 (5.08) 
0.189 (4.80) 






.244 (6.20) 
228 (5.80) 


0.050 (1.27) 
0.016 (0.40) 








010 (0.254) 


,069 (1.75) .004 (0.10) 
053 (1.35) 











aa - .050 TYP. (1.270) 





-.160-(4.064) 
150 (8.810) 

PIN NO.1 so 

BEVEL oo ; 16-Pin SON 








.400 (10.160) 
380 (9.652) 


.245 (6.223) 
.230 (5.842) 











010 (0.254) 


070 (1.778) "003 (0.076) 
“060 (1.524) a 


185 (4.699) 
170 (4.318) 
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Package Information 
(SOL) 





aa = ore (1.270) + = oor (1.270) 








.305 (7.747) ities ‘305 (7.747) 
—__-__ : i 285 (7.239 
.285 (7.239) ( ) (7.239) 
-390 (9.906) PIN NO.1 y 
PIN NO.1 y ee ra 
BEVEL 





465 (11.811) 
445 (11.303) 






.335 (8.509) 


415 (10.541) 
.395 (10.033) 
.010 (0.254) .320 (8.128) 


110 (2.794) "003 (0.076) 
2140 (2.794) "003 (0.076) 092 (2.336) as 
092 (2.336) z 





010 (0.254) 


16-Pin SOL 18-Pin SOL 





- .050 TYP. (1.270) a. > — .050 TYP. (1.270) 
MONO OOO 6 


.420 (10.668) 
.390 (9.906) 


305 (7.747) 
285 (7.239) 


i 


A AEE EE 
.515 (13.081) 
.495 (12.573) .335 (8.509) 
.320 (8.128) .010 (0.254) 


010 (0.254) 
110 (2.790 003 (0.076 
110 (2.790) 003 (0.076) a3 5 = ao 
"092 (2.336) zs 


20-Pin SOL 24-Pin SOL 


305 (7.747) 
285 (7.239) 


cle 





PIN NO.1 
BEVEL 


PIN NO.1 
BEVEL 





615 (15.621) 
595 (15.113) 




















aa _ .050 TYP. (1.270) 


+ 


305 (7.747) 
285 aa 239) 


PINNO.1 28-Pin SOL 


BEVEL 
.715 (18.161) .420 (10.668) 
"695 (17.653) 390 (9.906) 


010 (0.254) 
VHRRRAARAARAREA 


















| 003 (0.076) 


.110 (2.790) 
092 (2.336) 


.835 (8.509) 
320 (8.128) 





Package Information 
— (SOL/SOW) 





aa = .050 TYP. (1.270) 


405 (10.287) 


365 (9.78) | 32-Pin SOW 
































PIN NO. Sete eee oe Be ee ee y oO 
a a Bey: 
LI 
820 (20.828) 490 (12.446) 
.795 (20.193) <r "550 1s 38) eee 
. 013 (0.330) ee eee 
110 (2.790) 003 (0.076) 
092 (2.336) 
7 435 (11.049) 
~~ 420 (10.668) 
| - 0.138 (0.35) = 040 TYP. (1.02) 
2890 (7.34) 
"2992 (7.60) é . 
Seve vo 34-Pin SOL 





| .2890 (7.34) — 
.2992 (7.60) 
.0039 (0.10) 


| 0118 (0.30) 








.0925 (2.35) 
.1060 (2.69) J \ 






3937 (10.00) 
4193 (10.65) 








.305 (7.747) .420 (10.668) 
.285 (7.239) .390 (9.906) 
| | y \ 36-Lead SOL (Fine Pitch) 
.604 (15.354) | —_ 


584 (14.846) | 41 


ST .003 (.076) 

aie) Safe oy ee Ree ee ee ed 010 (.254) 

092 (2.336) JOO Pay EIR epeh aise) mp he) eee | Hop_y’ ~4 
So 


I — = ae - oe 2-8 degrees 


PIN NO.1 
BEVEL 




























' 007 (.17) 
a 006 (.15) 








335 (8.520) 
320 (8.140) 
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Package Information 
(Flatpack) 








Flatpack 
10, 28, 32-Leads 








NOTES: 
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North American 


Regional Offices & Sales Representatives 


(ove) -1-16)-7- Wien ae) WASHINGTON 


Silicon Systems, Inc. 
14351 Myford Road 
Tustin, CA 92680 
Ph: (714) 731-7110 
FAX: (714) 731-5457 
TWX: (910) 595-2809 


NORTHWEST 


AREA HEADQUARTERS 
Jon Tammel, Manager 

Silicon Systems, Inc. 

2700 Augustine Dr., Suite 219 
Santa Clara, CA 95054 | 
Ph: 408/980-9771 

TLX: 171-200 

FAX: 408/748-9488 


CALIFORNIA 
Magna Sales 

Santa Clara 

Ph: 408/727-8753 
TLX: 171-200 | 
FAX: 408/727-8573 


COLORADO 
Lange Sales 
Littleton 

Ph: 303/795-3600 
TLX: 450-017 
FAX: 303/795-0373 


OREGON 

Western Technical Sales 
Beaverton 

Ph: 503/644-8860 

FAX: 503/644-8200 


UTAH 

Lange Sales 

Salt Lake City 

Ph: 801/487-0843 
FAX: 801/484-5408 


Western Technical Sales 
Bellevue 

Ph: 206/641-3900 

FAX: 206/641-5829 


Spokane 
Ph: 509/922-7600 
FAX: 509/922-7603 


SOUTHWEST 


AREA HEADQUARTERS 

Mel Marchbanks, Manager 

Silicon Systems, Inc. 

454 Carson Plaza Drive, Suite 209 
Carson, CA 90745 

Ph: 213/532-1524,3499 

FAX: 213/532-4571 


ARIZONA | 

Western High Tech Marketing, Inc. 
Scottsdale 

Ph: 602/860-2702 

FAX: 602/860-2712 


CALIFORNIA 
Hadden Associates 
San Diego 

Ph: 619/565-9444 
FAX: 619/565-1802 


SC Cubed 
Thousand Oaks 
Ph: 805/496-7307 
FAX: 805/495-3601 


~ Tustin 


Ph: 714/731-9206 
FAX: 714/731-7801 


NEW MEXICO | 
Western High Tech Marketing Inc. 
Albuquerque 

Ph: 505/884-2256 

FAX: 505/884-2258 
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7 CENTRAL 


REA HEAD R 
Tom George, Manager | 
Silicon Systems, Inc. 
2201 N. Central Expressway 
Suite 132 
Richardson, TX 75080 
Ph: 214/669-3381 
FAX: 214/669-3495 





ILLINOIS 

Phase II Marketing 
Rolling Meadows 
Ph: 312/806-1330 
FAX: 312/806-1349 


INDIANA | 
Technology Marketing Corp. (TMC) 
Carmel = 
Ph: 317/844-8462 

FAX: 317/573-5472 


Fort Wayne 
Ph: 219/432-5553 
FAX: 219/432-5555 


KANSAS 

B. C. Electronics 
Kansas City | 
Ph: 913/342-1211 
FAX: 314/524-8906 


Wichita 
Ph: 316/722-0104 


KENTUCKY. - 
Technology Marketing Corp. (TMC) — 
Louisville | ira 
Ph: 502/893-1377 

FAX: 502/896-6679 


MICHIGAN 

A.P. Associates 
Brighton | 

Ph: 313/229-6550 
TLX: 816/287-310 
FAX: 313/229-9356 


(Continued) 





CENTRA L (Cont.) Ph: 603/898-1444 
es 603/898-6721 


MINNESOTA 
Com-Tek 

Eden Prairie 

Ph: 612/941-7181 
TWX: 310/431-0122 
FAX: 612/941-4322 


MISSOURI 

B. C. Electronics 
St. Louis 

Ph: 314/521-6683 


OHIO 

Makin Associates 
Cincinnati 

Ph: 513/871-2424 
FAX: 513/871-2524 


Columbus 
Ph: 614/481-8898 
FAX: 513/871-2524 


Solon 
Ph: 216/248-7370 
FAX: 513/871-2524 


TEXAS 

OM Assoc., Inc. 
Austin 

Ph: 512/388-1151 
FAX: 512/244-9505 


Richardson 

Ph: 214/690-6746 
TWX: 910-860-5368 
FAX: 214/690-8721 


Houston 

Ph: 713/789-4426 
TLX: 791-363 
FAX: 713/789-4825 


WISCONSIN 

Phase II Marketing 
Rolling Meadows, IL 
Ph: 312/806-1330 
FAX: 312/806-1349 | 


EAST +«&&F 


TERS 
‘Wayne Taylor, Manager 
Silicon Systems, Inc. . 
53 Stiles Road 
Salem, NH 03079 


- 603/898-6722 
FAX: 603/898-9538 


ALABAMA 
Technology Marketing Assoc.(TMA) 


Huntsville 
Ph: 205/883-7893 


FAX: 205/882-6162 


CONNECTICUT 
NRG, Ltd. 

Fairfield 

Ph: 203/384-1112 
FAX: 203/335-2127 


FLORIDA 

Technology Marketing Assoc.(TMA) 
Orlando 

Ph: 407/857-3760 

FAX: 407/857-6412 


Deerfield Beach 
Ph: 305/427-1090 
FAX: 305/427-1626 


Largo 
Ph: 813/541-1591 
FAX: 813/545-8617 


GEORGIA | 
Technology Marketing Assoc.(TMA) 
Atlanta 

Ph: 404/446-3565 

FAX: 404/446-0569 


MARYLAND 
Burgin-Kreh Associates 


~ Baltimore 


Ph: 301/265-8500 
FAX: 301/265-8536 


MASSACHUSETTS 
Mill-Bern Associates ' 
Woburn 

Ph: 617/932-3311 
FAX: 617/932-0511 


NEW JERSEY 

Technical Marketing Group 
West Caldwell 

Ph: 201/226-3300 

FAX: 201/226-9518 
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NEW YORK 

Electra Sales 
Rochester 

Ph: 716/427-7860 
FAX: 716/427-0614 


East Syracuse 
Ph: 315/463-1248 
FAX: 315/463-1717 


Technical Marketing Group 
Melville 

Ph: 516/351-8833 

FAX: 516/351-8667 


NO. CAROLINA 

Technology Marketing Associates 
(TMA) 

Raleigh — 

Ph: 919/850- 0878 

FAX: 919/850-0907 | 


PENNSYLVANIA 
Omni Sales | 


' Erdenheim 


Ph: 215/233-4600 
FAX: 215/233-4702 


VIRGINIA 

Burgin-Kreh Associates 
Lynchburg 

Ph: 804/239-2626 


— FAX: 804/239-1333 


CANADA 


BRITISH COLUMBIA 
Enerlec 

Surrey 

Ph: 604/888-1667 
TLX: 04-365-634 
FAX: 604/888-3381 


ONTARIO 
Har-Tech 
Downsview 

Ph: 416/665-7773 


_ FAX: 416/665-7290 


Nepean 
Ph: 613/726-9410 
FAX: 613/726-8834 


QUEBEC 

Har-Tech 

Pointe Claire 

Ph: 514/694-6110 
FAX: 514/694-8501 





SSI EUROPEAN HDQ, 

R. Sharman, District Sales Mar. 
Silicon Systems, Int’! 
Woodpeckers, The Common 
West Chiltington 

Pulborough RH20 2PL 
England 

Ph: (44) 7983-2331 

TLX: 878411 

FAX: 44/7983-2117 


AUSTRIA 

Allmos Gesmbh 

Wien 

Ph: (011) 43-222-627-1953 
FAX: (011) 43-222-627-102112 


BELGIUM 

D & D Electronics BVBA 
Antwerp 

Ph: (82) 3-827-7934 
FAX: (32) 3-828-7254 
TLX: 73121 DDELEC 


DENMARK 

C-88 

Kokkedal 

Ph: (45) 2-244888 
FAX: (45) 2-244889 
TLX: (855) 41198 


ENGLAND 

Pronto Electronic Systems Ltd 
Ilford, Essex 

Ph: (44) 1-554-6222 

FAX: (44) 1-518-3222 

TLX: (851) 895-4213 


FINLAND 

Komdel Oy 

Espoo 

Ph: (358) 0-885011 
TLX: (857) 121926 
FAX: (358) 0-885-327 


FRANCE 

Datadis, S. A. 

Massy Cedex 

Ph: (33) 1-69-20-41-41 
FAX: (33) 1-69-20-49-00 
TLX: 603167 


International 


Sales Representatives / Distributors 


-EUROPE GERMANY 
| Atlantik Elektronik GMBH 


Munich 

Ph: (49) 89-857-0000 
FAX: (49) 89-857-3702 
TWX: 5 215 111 alecd 


GREECE 
Peter Caritato & Associates Ltd. 
Athens 
Ph: (30) 1-361-9379 
(30) 1-362-3614 
FAX: (30) 1-364-6210 
TLX: (863) 216-723 


ISRAEL 

Rapac 

Tel Aviv 

Ph: (972) 3-477115 
TLX: (922) 342173 
FAX: (972) 349-3272 


ITALY 

Cefra S.p.A. 
Milano 

Ph: (39) 223-5264 
FAX (39) 2236-0249 
TLX: 314543 


NETHERLANDS 

Alcom Electronics BV 

2908 LJ Capelle A/D IJSSEL 
Ph: (31) 10-451-9553 

FAX: (31) 10-458-6482 
TLX: 26160 


NORWAY 

Hans H. Schive 
Asker 

Ph: (47) 2-900900 
TLX: (856) 19124 
FAX: (47) 2-786484 


PORTUGAL 

Diode 

Lisbon 

Ph: 351-1-571390 
FAX: 351-1-534987 
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SO. AFRICA 

South Continental Devices 
Pinegowrie 

Ph: (27) 11-789-2400 
TLX: (960) 4-24849 

FAX: (27) 11-787-0831 


SPAIN 

Diode 

Madrid 

Ph: (34) 1-455-3686 
TLX: 42148 

FAX: 34-1-456-7159 


SWEDEN | 

Bexab Technology AB 
Taby 

Ph: (46) 8-732-8980 
FAX: (46) 8-732-7058 
TLX: 13888 BEXTE S 


SWITZERLAND 

Ellyptic AG 

Zurich 

Ph: (41)1- 493-100 
TWX: 822-542 

FAX: 011-41-1-492-2255 


YUGOSLAVIA 

Ellyptic AG 

Maribor 

Ph: (011) 38-62-24561 


FAR EAST 


SSI FAR EAST HDQ, 

K. S. Ong, Tech. Sales/Support 
Manager 

Silicon Systems, Int'l 

c/o Dynamar Singapore 

109, Defu Lane 10 

Hougang Avenue #3 _ 
Singapore 1953 

Ph: (65) 380-9157 

FAX: (65) 281-3423 


AUSTRALIA 

R&D Electronics 
Victoria 

Ph: 61-3-288-8911 
TLX: (790) 33288 
FAX: (61) 3-288-9168 


(Continued) 





HONG KONG. 
CET LTD | - | a 
Wanchai tC ARGENTINA 
Ph: (852)5-200922 ts Yel S.R.L. 
FAX: (852) 5-865-0639 | Buenos Aires 
TLX: (780) 85148 Ph: (54) 1-46-211 
_ TLX: (390) 18605 | 
INDIA ; es FAX: (54) 1-45-2551 
Refer all inquiries to Alfred Low, 
Dynamar Singapore BRAZIL 
Hitech 
JAPAN | : Sao Paulo 
Internix <a * Ph: 55 (11) 531-9355 
Tokyo | TLX: (391) 11-53288 HTHB BR 
Ph: (81) 3-369-1105 | FAX: 55-11-240-2650 
TLX: (781) 26733 
FAX: (81) 363-8486 MEXICO 
oe e.g S Panamtek 

KOREA Guadalajara, Jalisco 
Hanaro eorporaion Ph: (52) 36-303029 
Seoul FAX: (52)-36-30-3115 
Ph: 82-2-558- 1144, 1145 

1146, 1147 

1148, 1149 


TLX: (787) 26878 
FAX: 82-2-558-0157 


SINGAPORE oe 
Dynamar Computer Products _ . 
Ph: (65) 281-3388 

TLX: RS26283 DYNAMA | 

FAX: (65) 281-3308 


TAIWAN 

Taipei 

New. Dynamar international = 
Ph: (886) 2-777-5670 thru: 5674: . 
TLX: (785) 11064 DYNAMAR 
FAX: (886) 2-77-5867 . 


THAILAND 
Dynamar Computer Products 
Bangkok 
Ph: (662) 511-4331 
(662) 511-5104 © 
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All locations are “Hall-Mark Electronics” except as noted. 


UNITED STATES GEORGIA 


ALABAMA 
Huntsville 
Ph: 205/837-8700 


ARIZONA 
Phoenix 
Ph: 602/437-1200 


CALIFORNIA 
Tustin 
Ph: 714/669-4100 


Aved, Inc. 
Tustin 
Ph: 714/259-8258 


San Diego 
Ph: 619/268-1201 


Torrance 
Ph: 213/217-8400 


Citrus Heights 
Ph: 916/722-8600 


San Jose 
Ph: 408/432-4000 


COLORADO 
Englewood 
Ph: 303/790-1662 


CONNECTICUT 
Wallingford 
Ph: 203/271-2844 


FLORIDA 
Clearwater 
Ph: 813/530-4543 


Orlando 
Ph: 305/855-4020 


_~Pompano Beach 
~ Ph: 305/971-9280 


Norcross 
Ph: 404/447-8000 


ILLINOIS 
Wooddale 
Ph: 312/860-3800 


INDIANA 
Indianapolis 
Ph: 317/291-5350 


KANSAS 
Lenexa 
Ph: 913/888-4747 


MARYLAND 
Columbia 
Ph: 301/988-9800 


MASSACHUSETTS 


Billerica 
Ph: 617/935-9777 


MICHIGAN 
Detroit 
Ph: 313/462-1205 


MINNESOTA 
Bloomington 
Ph: 612/941-2600 


MISSOURI 
St. Louis 
Ph: 314/291-5350 


NEW JERSEY 
Mt. Laurel 
Ph: 609/235-1900 


Fairfield 
Ph: 201/575-4415 


NEW YORK 
Ronkonkoma 
Ph: 516/737-0600 


Rochester 
Ph: 716-244-9290 


NORTH CAROLINA 


Raleigh 
Ph: 919/872-0712 


OHIO 
Solon 
Ph: 216/349-5632 


Worthington 
Ph: 614/888-3313 


OKLAHOMA 
Tulsa 
Ph: 918/665-3200 


TEXAS 
Austin 
Ph: 512/258-8848 


Dallas 
Ph: 214/553-4300 


Houston 
Ph: 713/781-6100 


UTAH 
Murray 
Ph: 801/268-3779 


WISCONSIN 
New Berlin 
Ph: 414/797-7844 


12-5 


North American 
Authorized Distributor Offices 





ONTARIO 


Har-Tech Electronics 


Downsview 
Ph: 416/665-7773 


BRITISH COLUMBIA 


Enerlec 
Surrey 
Ph: 604/888-1667 
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